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GENERAL  INTRODUCTION 

The  infinite  variety  of  injuries  which  any  war  presents 
to  the  surgeon  gives  to  military  surgery  a  special  interest 
and  importance.  The  special  interest  and  importance, 
in  a  surgical  sense,  of  the  great  European  War  lies  not 
so  much  in  the  fact  that  examples  of  every  form  of  gross 
lesion  of  organs  and  limbs  have  been  seen,  for  if  we  read 
the  older  writers  we  find  little  in  the  moderns  that  is 
new  in  this  respect,  but  is  to  be  found  in  the  enormous 
mass  of  clinical  material  which  has  been  presented  to  us 
and  in  the  production  of  evidence  sufficient  to  eliminate 
sources  of  error  in  determining  important  conclusions. 
For  the  first  time  also  in  any  campaign  the  labours  of 
the  surgeon  and  the  physician  have  had  the  aid  of  the 
bacteriologist,  the  pathologist,  the  physiologist,  and 
indeed  of  every  form  of  scientific  assistance,  in  the  solution 
of  their  respective  problems.  The  clinician  entered  upon 
the  great  war  armed  with  all  the  resources  which  the 
advances  of  fifty  years  had  made  available.  If  the  surgical 
problems  of  modern  war  can  be  said  not  to  differ  sensibly 
from  the  campaigns  of  the  past,  the  form  in  which  they 
have  been  presented  is  certainly  as  different  as  are  the 
methods  of  their  solution.  The  achievements  in  the  field 
of  discovery  of  the  chemist,  the  physicist  and  the  biologist 
have  given  the  military  surgeon  an  advantage  in  diagnosis 
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and  treatment  which  was  denied  to  his  predecessors,  and 
we  are  able  to  measure  the  effects  of  these  advantages 
when  we  come  to  appraise  the  results  which  have  been 
attained. 

But  although  we  may  admit  the  general  truth  of  these 
statements,  it  would  be  wrong  to  assume  that  modem 
scientific  knowledge  was,  on  the  outbreak  of  the  war, 
immediately  useful  to  those  to  whom  the  wounded  were 
to  be  confided.  Fixed  principles  existed  in  all  the  sciences 
auxiliary  to  the  work  of  the  surgeon,  but  our  scientific 
resources  were  not  immediately  available  at  the  outset 
of  the  great  campaign  ;  scientific  work  bearing  on  wound 
problems  had  not  been  arranged  in  a  manner  adapted  to 
the  requirements — indeed,  the  requirements  were  not  fuUy 
foreseen  ;  the  workers  in  the  various  fields  were  isolated, 
or  isolated  themselves,  pursuing  new  researches  rather 
than  concentrating  their  powerful  forces  upon  the  one 
great  quest. 

However  brilliant  the  triumphs  of  surgery  may  be — 
and  that  they  have  been  of  surpassing  splendour  no 
one  will  be  found  to  deny — experiences  of  the  war  have 
already  produced  a  mass  of  facts  sufficient  to  suggest 
the  complete  remodelling  of  our  methods  of  education 
and  research. 

The  series  of  manuals,  which  it  is  my  pleasant  duty  to 
introduce  to  English  readers,  consists  of  translations  of 
the  principal  volumes  of  the  "Horizon  "  Collection,  which 
has  been  appropriately  named  after  the  uniform  of  the 
French  soldier. 

The  authors,  who  are  all  well-known  specialists  in  the 
subjects  which  they  represent,  have  given  a  concise  but 
eminently  readable  account  of  the  recent  acquisitions  to 
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the  medicine  and  surgery  of  war  which  had  hitherto  been 
disseminated  in  periodical  literature. 

No  higher  praise  can  be  given  to  the  Editors  than  to 
say  that  the  clearness  of  exposition  characteristic  of  the 
French  original  has  not  been  lost  in  the  rendering  into 
English. 


MEDICAL  SERIES 

The  medical  volumes  which  have  been  translated  for 
this  series  may  be  divided  into  two  main  groups,  the  first 
dealing  with  certain  epidemic  diseases,  including  syphilis, 
which  are  most  liable  to  attack  soldiers,  and  the  second 
with  various  aspects  of  the  neurology  of  war.  The  last 
word  on  Typhoid  Fever,  hitherto  "  the  greatest  scourge 
of  armies  in  time  of  war,"  as  it  has  been  truly  called,  will 
be  found  in  the  monograph  by  MM.  Vincent  and  Muratet, 
which  contains  a  full  account  of  recent  progress  in  bac- 
teriology and  epidemiology  as  well  as  the  clinical  features 
of  typhoid  and  paratyphoid  fevers.  The  writers  combat 
a  belief  in  the  comparatively  harmless  nature  of  para- 
typhoid and  state  that  in  the  present  war  haemorrhage 
and  perforation  have  been  as  frequent  in  paratyphoid,  as 
in  typhoid  fever.  In  their  chapter  on  diagnosis  they 
show  that  the  serum  test  is  of  no  value  in  the  case  of 
those  who  have  undergone  anti-typhoid  or  anti-para- 
typhoid vaccination,  and  that  precise  information  can  be 
gained  by  blood  cultures  only.  The  relative  advantages 
of  a  restricted  and  liberal  diet  are  discussed  in  the  chapter 
on  treatment,  which  also  contains  a  description  of  serum- 
therapy  and  vaccine -therapy  and  the  general  manage- 
ment of  the  patient. 
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Considerable  space  is  devoted  to  the  important  question 
of  the  carrier  of  infection.  A  special  chapter  is  devoted 
to  the  prophylaxis  of  typhoid  fever  in  the  army.  The 
work  concludes  with  a  chapter  on  preventive  inoculation, 
in  which  its  value  is  conclusively  proved  by  the  statistics 
of  all  countries  in  which  it  has  been  employed. 

MM.  Vincent  and  Muratet  have  also  contributed  to  the 
series  a  work  on  Dysentery,  Cholera  and  Typhus  which 
will  be  of  special  interest  to  those  whose  duties  take  them 
to  the  Eastern  Mediterranean  or  Mesopotamia.  The 
carrier  problem  in  relation  to  dysentery  and  cholera  is 
fully  discussed,  and  special  stress  is  laid  on  the  epidemio- 
logical importance  of  mild  or  abortive  cases  of  these 
two  diseases. 

In  their  monograph  on  The  Abnormal  Forms  of 
TelanuSj  MM.  Courtois-SulB&t  and  Giroux  treat  of  those 
varieties  of  the  disease  in  which  the  spasm  is  confined  to 
a  limited  group  of  muscles,  e.g.  those  of  the  head,  or  one 
or  more  limbs,  or  of  the  abdomino-thoracic  muscles. 
The  constitutional  symptoms  are  less  severe  than  in  the 
generalised  form  of  the  disease,  and  the  prognosis  is  more 
favourable. 

The  volume  by  Dr.  G.  Thibierge  on  Syphilis  and  the 
Army  is  intended  as  a  vade  mecum  for  medical  officers 
in  the  army. 

Turning  now  to  the  works  of  neurological  interest, 
we  have  two  volumes  dealing  with  lesions  of  the  peripheral 
nerves  by  Mme.  Athanassio-Benisty,  who  has  been  for 
several  years  assistant  to  Professor  Pierre  Marie  at  La 
Salpetriere.  The  first  volume  contains  an  account  of 
the  anatomy  and  physiology  of  the  peripheral  nerves, 
together  with  the  symptomatology  of  their  lesions.    The 
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second  volume  is  devoted  to  the  prognosis  and  treatment 
of  nerve  lesions. 

The  monograph  of  MM.  Babinski  and  Froment  on 
Hysteria  or  Pithiatism  and  Nervous  Disorders  of  a 
Reflex  Character  next  claims  attention.  In  the  first 
part  the  old  conception  of  hysteria,  especially  as  it  was 
built  up  by  Charcot,  is  set  forth,  and  is  followed  by  a 
description  of  the  modem  conception  of  hysteria  due  to 
Babinski,  who  has  suggested  the  substitution  of  the  term 
*'  Pithiatism,"  i.e,  a  state  curable  by  persuasion,  for  the 
old  name  hysteria.  The  second  part  deals  with  nervous 
disorders  of  a  reflex  character,  consisting  of  contractures 
or  paralysis  following  traumatism,  which  are  frequently 
found  in  the  neurology  of  war,  and  a  variety  of  minor 
symptoms,  such  as  muscular  atrophy,  exaggeration  of 
the  tendon  reflexes,  vasomotor,  thermal  and  secretory 
changes,  etc.  An  important  section  discusses  the  future 
of  such  men,  especially  as  regards  their  disposal  by 
medical  boards. 

An  instructive  companion  volume  to  the  above  is  to 
be  found  in  the  monograph  of  MM.  Roussy  and  Lhermitte, 
which  embodies  a  description  of  the  psychoneuroses  met 
with  in  war,  starting  with  elementary  motor  disorders 
and  concluding  with  the  most  complex  represented  by 
pure  psychoses. 

SURGICAL   SERIES 

When  the  present  war  began,  surgeons,  imder  the 
influence  of  the  immortal  work  of  Lister,  had  for  more 
than  a  quarter  of  a  century  concerned  themselves  almost 
exclusively  with  elaborations  of  technique  designed  to 
shorten  the  time  occupied  in  or  to  improve  the  results 
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obtained  by  the  many  complex  operations  that  the  genius 
of  Lister  had  rendered  possible.  The  good  behaviour 
of  the  wound  was  taken  for  granted  whenever  it  was 
made,  as  it  nearly  always  was,  through  unbroken  skin, 
and  hence  the  study  of  the  treatment  of  wounds  had  be- 
come largely  restricted  to  the  study  of  the  aseptic  variety. 
Septic  wounds  were  rarely  seen,  and  antiseptic  surgery  had 
been  almost  forgotten.  Very  few  of  those  who  were 
called  upon  to  treat  the  woimded  in  the  early  autumn  of 
1914  were  familiar  with  the  treatment  of  grossly  septic 
compound  fractures  and  wounded  joints,  and  none  had 
any  wide  experience.  To  these  men  the  conditions  of 
the  wounds  came  as  a  sinister  and  disheartening  revela- 
tion. They  were  suddenly  confronted  with  a  state  of 
affairs,  as  far  as  the  physical  conditions  in  the  wounds 
were  concerned,  for  which  it  was  necessary  to  go  back  a 
hundred  years  or  more  to  find  a  parallel. 

Hence  the  early  period  of  the  war  was  one  of  earnest 
search  after  the  correct  principles  that  should  be  applied 
to  the  removal  of  the  unusual  diiB&culties  with  which 
surgeons  and  physicians  were  faced.  It  was  necessary 
to  discover  where  and  why  the  treatment  that  sufficed 
for  affections  among  the  civil  population  failed  when  it 
was  applied  to  military  casualties,  and  then  to  originate 
adequate  measures  for  the  relief  of  the  latter.  For  many 
reasons  this  was  a  slow  and  laborious  process,  in  spite  of 
the  multitude  of  workers  and  the  wealth  of  scientific 
resources  at  their  disposal.  The  ruthlessness  of  war 
must  necessarily  hamper  the  work  of  the  medical  scientist 
in  almost  every  direction  except  in  that  of  providing  him 
with  an  abundance  of  material  upon  which  to  work.  It 
limits  the  opportunity  for  deliberate  critical  observation 
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and  comparison  that  is  so  essential  to  the  formation  of  an 
accurate  estimation  of  values  ;  it  often  compels  work  to 
be  done  under  such  high  pressure  and  such  unfavourable 
conditions  that  it  becomes  of  little  value  for  educative 
purposes.  In  all  the  armies,  and  on  all  the  fronts,  the 
pressure  caused  by  the  unprecedented  number  of  casualties 
has  necessitated  rapid  evacuation  from  the  front  along 
lines  of  communication,  often  of  enormous  length,  and 
this  means  the  transfer  of  cases  through  many  hands,  with 
its  consequent  division  of  responsibility,  loss  of  continuity 
of  treatment,  and  absence  of  prolonged  observation  by 
any  one  individual. 

In  addition  to  all  this,  it  must  be  remembered  that 
in  this  war  the  early  conditions  at  the  front  were  so 
uncertain  that  it  was  impossible  to  establish  there  the 
completely  equipped  scientific  institutions  for  the  treat- 
ment of  the  wounded  that  are  now  available  under  more 
assured  circumstances,  and  that  progress  was  thereby 
much  hampered  until  definitive  treatment  could  be 
undertaken  at  the  early  stage  that  is  now  possible. 

But  order  has  been  steadily  evolved  out  of  chaos,  and 
many  things  are  now  being  done  at  the  front  that  would 
have  been  deemed  impossible  not  many  months  ago. 
As  general  principles  of  treatment  are  established  it  is 
found  practicable  to  give  effect  to  them  to  their  full  logical 
extent,  and  though  there  are  still  many  obscure  points  to 
be  elucidated  and  many  methods  in  use  that  still  call  for 
improvements,  it  is  now  safe  to  say  that  the  position  of 
the  art  of  military  medicine  and  surgery  stands  upon  a 
sound  foundation,  and  that  its  future  may  be  regarded 
with  confidence  and  sanguine  expectation. 

The  views  of  great  authorities  who  derive  their  knowledge 
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from  extensive  first-hand  practical  experience  gained  in 
the  field  cannot  fail  to  serve  as  a  most  valuable  asset  to  the 
less  experienced,  and  must  do  much  to  enable  them  to 
derive  the  utmost  value  from  the  experience  which  will, 
in  time,  be  theirs.  The  series  covers  the  whole  field  of 
war  surgery  and  medicine,  and  its  predominating  note 
is  the  exhaustive,  practical  and  up-to-date  manner  in 
which  it  is  handled.  It  is  marked  throughout  not  only 
by  a  wealth  of  detail,  but  by  clearness  of  view  and  logical 
sequence  of  thought.  Its  study  will  convince  the  reader 
that,  great  as  have  been  the  advances  in  all  departments 
in  the  services  during  this  war,  the  progress  made  in  the 
medical  branch  may  fairly  challenge  comparison  with 
that  in  any  other,  and  that  not  the  least  among  the 
services  rendered  by  our  great  ally,  France,  to  the  common 
cause  is  this  brilliant  contribution  to  our  professional' 
knowledge. 

A  glance  at  the  list  of  surgical  works  in  the  series  will 
show  how  completely  the  ground  has  been  covered.  Ap- 
propriately enough,  the  series  opens  with  the  volume  on 
The  Treatment  of  Infected  Wounds,  by  A.  Carrel  and 
G.  Dehelly.  This  is  a  direct  product  of  the  war  which, 
in  the  opinion  of  many,  bids  fair  to  become  epoch-making 
in  the  treatment  of  septic  wounds.  It  is  peculiar  to  the 
war  and  derived  directly  from  it,  and  the  work  upon  which 
it  is  based  is  as  fine  an  example  of  correlated  work  on 
the  part  of  the  chemist,  the  bacteriologist  and  the  clinician 
as  could  well  be  wished  for.  This  volume  will  show  many 
for  the  first  time  what  a  precise  and  scientific  method  the 
"  Carrel  treatment  "  really  is. 

The  two  volumes  by  Professor  Leriche  on  Fractures  con- 
tain the  practical  application  of  the  views  of  the  great 
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Lyons  school  of  surgeons  with  regard  to  the  treatment  of 

injuries  of  bones  and  joints.     Supported  as  they  are  by 

an    appeal    to    an    abundant    clinical   experience,    they 

cannot  fail  to  interest  English  surgeons,  and  to  prove  of 

the   greatest  value.     It  is  only  necessary  to  say  that 

Wounds  of  the  Abdomen  are  dealt  with  by  Dr.  Abadie, 

Wounds  of  the  Vessels  by  Professor  Sencert,  Wounds  of 

the  Skull  and  Brain  by  MM.  Chatelin  and  De  Martel,  and 

Localisation  and  Extraction  of  Projectiles  by  Professor 

Ombredanne  and  R.  Ledoux-Lebard,  to  prove  that  the 

subjects  have  been  allotted  to  very  able  and  experienced 

exponents. 

Alfred  Keogh. 


PBEFACE 

The  subject  of  the  present  volume  is  the  use  of  elec- 
trical methods  in  the  diagnosis  and  prognosis  of  the 
injuries  and  diseases  of  the  nervous  system  which  are 
encoimtered  in  war.  The  first  two  chapters  deal  with 
the  electrical  reactions  of  muscles  and  nerves  in  cases 
of  paralysis,  the  methods  of  obtaining  them,  the 
different  types  of  reaction,  and  the  light  which  they 
throw  on  the  site  and  nature  of  the  lesion  which  may 
be  present. 

It  is  of  the  utmost  importance  that  every  method 
of  investigation  should  be  utilised  which  can  throw 
light  on  the  lesion  in  nerve  injury,  because  the 
nature  of  the  latter  will  determine  the  treatment  to 
be  adopted  and  the  subsequent  usefulness  of  the 
patient,  either  for  continuation  of  military  service  or 
for  employment  in  civil  life. 

The  value  of  electrical  testing  has  always  been 
admitted  in  cases  of  disease  of  the  nervous  system, 
as  the  discovery  of  the  reaction  of  degeneration  is 
irrefutable  evidence  of  the  situation  of  the  lesion 
in  the  lower  motor  neurone.  In  the  case  of  nerve 
injury,  the  problem  is  different  and  more  difficult, 
because  the  information  desired  is  not  merely  the 
situation  of  the  lesion,  but  its  severity  and  the  treat- 
ment  which    should   be   given,    whether   surgical   or 
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physiotherapeutic.  It  was  hoped  that  electrical 
testing  of  the  reactions  would  provide  the  necessary  in- 
formation. Its  failure  to  do  so  in  many  cases  is  respon- 
sible for  the  scepticism  which  prevails  in  some  quarters 
regarding  the  value  of  electrical  testing.  The  manner 
in  which  the  test  is  frequently  carried  out,  the  use  of 
unstandardised  coils  and  unmeasured  stimuli,  the  use 
of  the  faradic  current  only  and  the  performance  of 
only  one  test,  cannot  yield  the  information  which 
thorough  and  repeated  testing  can  provide. 

A  study  of  the  present  work  will  show  the  value  of 
a  careful  and  complete  investigation  of  the  electrical 
reactions.  The  authors  describe  the  method  which 
they  have  found  most  trustworthy,  and  they  emphasise 
the  importance  of  making,  not  one,  but  several  tests, 
repeated  at  intervals,  because  the  abnormal  reactions 
of  muscle  and  nerve  are  not  permanent  but  varying 
reactions,  and  their  changes  from  week  to  week,  or 
month  to  month,  afford  information  which  cannot 
be  obtained  by  a  single  test. 

The  importance  of  investigating  other  physical 
signs  as  well  as  the  electrical  reactions  is  recognised ; 
and  while  the  authors  make  no  undue  claim  for  the 
latter,  they  mention  how  cases  of  serious  nerve  injury 
which  had  not  been  recognised  by  clinical  examina- 
tion, were  afterwards  made  manifest  by  electrical 
testing.  One  of  the  great  advantages  of  electrical 
testing  is  that  it  affords  definite  and  indisputable 
objective  signs  in  which  the  personal  element  of  the 
patient  plays  no  part. 
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In  Chapter  IV  is  described  an  electrical  method  of 
testing  cutaneous  sensation,  its  advantages  being  that 
the  stimulus  is  measured  and  can  be  repeated  on 
subsequent  occasions. 

A  galvano-psychic  reaction  is  described.  It  appears 
to  be  a  valuable  test  in  deciding  whether  loss  of  func- 
tion of  sensory  nerves  or  nerves  of  special  sense  is 
simulated  or  due  to  organic  disease. 

Chapter  V  contains  a  lucid  account  of  the  various 
reactions  which  follow  the  application  of  the  galvanic 
current  to  the  head  so  that  the  internal  ear  is  traversed 
by  the  current.  These  reactions,  viz.  nystagmus, 
sensation  of  vertigo,  and  angular  deviation  from  the 
straight  line  when  walking,  are  due  to  stimulation  of 
the  vestibule  and  semicircular  canals.  The  test  is  of 
value  when  applied  to  cases  presenting  cerebral  symp- 
toms. The  presence  of  abnormal  reactions  indicates 
that  the  symptoms  are  due  to  injury  or  organic  disease 
and  are  not  psychical  or  simulated. 

Short  accounts  are  given  of  the  use  of  condensers  in 
testing,  the  chronaxia  and  its  measurement,  and  of 
the  theories  regarding  the  various  reactions.  Good 
illustrations  are  given  of  the  position  of  the  motor 
points,  and  their  situation  is  described,  together  with 
the  action  of  the  various  muscles.  These  additions 
render  the  present  work  the  most  complete  account 
that  has  yet  appeared  of  the  uses  of  electrical  methods 
in  the  investigation  of  paralysis  occurring  in  war. 

E.  P.  C. 
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The  importance  of  electro-diagnosis  in  cases  of  gunshot 
wounds,  and  a  desire  to  afford  precise  and  useful  in- 
formation to  neurologists,  physiotherapists,  surgeons, 
and  members  of  Medical  Boards,  has  led  to  our  making 
certain  notes  on  the  essential  principles  of  electrical 
investigation.  In  arranging  these,  the  present  work 
has  been  produced,  which  we  trust  will  prove  of  service 
to  our  colleagues. 

IHe  Electro-diagnosis  is  an  indispensable  accessory  to 
clinical  examination  in  war  neurology.  Systematically 
carried  out,  it  is  of  the  greatest  assistance  in  solving 
a  whole  series  of  problems  arising  in  daily  practice. 
Its  value  lies  in  the  fact  that  electrical  reactions  are 
definite,  indisputable,  and  absolutely  precise  objective 
signs. 

It  is  this  method  which,  for  instance,  obviates 
indecision  when  the  neurologist  suspects  the  presence 
or  co-existence  of  any  form  of  hysteria.  It  provides 
the  fundamental  data  for  prognosis  in  nerve  injuries, 
and  thus  affords  definite  indications  for  treatment. 
It  also  serves  to  demonstrate  the  degree  of  any  loss 
of  function  before  a  Medical  Board. 
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been  expected  of  electro-diagnosis  ;  questions  have 
been  referred  to  it  which  it  cannot  decide,  and  but 
for  the  proof  to  which  it  has  been  put  since  the  days 
of  Duchenne  (of  Boulogne)  and  Erb,  these  demands 
on  the  method  might  well  have  resulted  in  its  partial 
discredit. 

A  widespread  belief  still  exists  that  the  results  of 
electrical  investigation  should,  in  some  sense,  auto- 
matically determine  the  capability  of  paralysed  nerves 
and  muscles  to  perform  their  functions.  This  is  a 
misconception.  In  the  first  place  this  capability 
cannot  be  expressed  in  equivalents,  and  in  the  second, 
it  should  not  be  forgotten  that  the  electrical  excita- 
bility of  the  neuro-muscular  apparatus  is  a  property 
entirely  different  and  distinct  from  its  ability  to 
initiate  movement  following  stimulation  of  the  higher 
centres.  Excitability  is  not  a  criterion  of  the  state 
of  the  nerve ;  it  simply  gives  a  valuable  indication 
of  its  condition. 

As  with  other  laboratory  methods,  electro-diagnosis 
is  utilised  clinically  to  decide  or  confirm  a  difierential 
diagnosis.  The  reaction  of  degeneration  shows  the 
presence  of  a  peripheral  motor  neurone  lesion  as 
certainly  as  the  agglutination  reaction  demonstrates 
a  typhoid  infection. 

But  the  range  of  electrical  investigation  is  not 
limited  to  verifying  the  presence  or  absence  of  the 
reaction  of  degeneration.  The  degrees  of  abnormality 
in  electric  reactions,  the  way  in  which  they  are  asso- 
ciated,  and  their  development,   are  so  many  facts 
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an  analysis  of  which  will  show  the  nature  of  the  case 
concerned,  determine  the  prognosis,  and  indicate  the 
form  of  treatment. 

If  such  an  investigation  is  to  be  complete  and 
productive  of  results,  it  is  obvious  that  it  must  always 
be  exact  and  painstaking,  and  occupy  a  considerable 
length  of  time.  As  a  rule  no  conclusions  can  be 
drawn  immediately,  first  because  it  will  often  be 
necessary  to  postpone  the  repetition  of  an  important 
test  which  has  given  doubtful  results,  or  no  results, 
at  the  first  examination,  and  also  because,  in  the  vast 
majority  of  cases,  the  information  afforded  by  sub- 
sequent development  of  the  reactions  is  indispensable. 
The  case  must  be  followed  up  step  by  step  from  the 
electro-diagnostic  point  of  view,  as  is  usual  from  the 
clinical.  With  electrical  reactions — and  we  cannot 
too  strongly  emphasise  this  point — it  is  as  with  the 
temperature.  A  single  rise  of  temperature  does  not 
give  the  picture  of  pyrexia  ;  it  is  the  chart  that 
should  be  considered. 

It  follows  obviously  from  what  has  been  said  that 
where  examinations,  often  of  extreme  delicacy,  are 
concerned,  it  is  desirable  first,  that  electrologists  should 
agree  to  adopt  a  standard  technique,  and  in  the  second 
place,  that  an  individual  case  should  always  be 
examined  by  the  same  operator,  when,  as  is  usually 
the  case,  successive  examinations  are  necessary. 
This  ideal  is  perhaps  less  difficult  to  realise  than  the 
exigences  of  evacuating  wounded  would  appear  to 
suggest. 
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The  duty  of  the  medical  electrician  is  not  merely 
to  note  the  particulars  of  abnormal  reactions.  When 
these  have  been  determined,  he  must  correlate  them 
with  the  clinical  symptoms,  taking  a  whole  series  of 
facts  into  account :  the  probable  nature  of  the  injury 
or  nerve  lesion,  the  peculiarities  of  the  nerve  involved, 
the  length  of  time  which  has  elapsed  since  signs  of  a 
lesion  were  first  observed,  etc. 

The  duty  of  the  surgeon  and  the  neurologist  is  to 
translate  the  results  of  the  investigation  into  clinical 
language. 

It  will  therefore  be  evident  that  the  practice  of 
electro-diagnosis  requires,  not  merely  that  the  physician 
should  be  familiar  with  the  difficulties  of  electrical 
technique,  but  also  that  he  should  have  extensive 
neurological  experience,  founded  on  a  thorough  know- 
ledge of  anatomy. 

Failing  this,  he  will  be  unable  to  interpret  the 
results  of  his  investigation  satisfactorily,  or  to  form 
correct  conclusions. 

The  value  of  electro-diagnosis  depends  on  the 
physician  who  practises  it. 


ELECTRO-DIAGNOSIS 

IN    WAR 

CHAPTER  I 

THE  TECHNIQUE    OF  ELECTEO-DIAGNOSIS 

I.   Definition 

Electro-diagnosis  may  be  defined  as  the  summation 
of  the  results  which  can  assist  the  clinician  by  deter- 
mining the  mode  of  reaction  of  the  organism  to 
different  forms  of  electrical  current. 

The  term  more  particularly  suggests  a  process  of 
exploration,  based  on  the  responses  of  motor  nerves 
and  muscles  to  electrical  stimulation.  Making  an 
electro-diagnosis  signifies,  as  a  matter  of  fact,  an 
investigation  made  to  ascertain  whether,  in  a  patient 
suffering  from  some  affection  of  the  neuro-muscular 
system,  the  electrical  reactions  of  the  muscles  and 
motor  nerves  differ  from  the  normal  physiological 
reactions,  and  if  so,  an  examination  of  the  nature  of 
the  difference. 

It  is  not,  however,  merely  for  motor  nerves  that 
electrical  investigation  can  afford  evidence  of  clinical 
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value.  Sensory  nerves  may  also,  in  affections 
which  involve  them  directly  or  indirectly,  present 
alterations  of  excitability,  into  which  it  will  some- 
times be  of  interest  to  inquire.  Similarly  with 
certain  reflex  phenomena,  among  which  is  that  known 
as  voltaic  vertigo,  anomalies  of  which  may  reveal 
even  slight  disturbances  of  the  mechanisms  which 
govern  them. 

II.   Apparatus  Required 

The  apparatus  necessary  for  electro-diagnosis  com- 
prises : 

1.  A  faradic  apparatus. 

2.  A  galvanic  apparatus. 

3.  Electrodes  for  application  of  currents,  and  con- 
ducting wires. 

Some  electrologists  prefer  to  use  condensers  of 
different  capacities  in  the  place  of  galvanic  and 
faradic  apparatus. 

Faradic  Apparatus. — ^We  shall  presuppose  a  know- 
ledge of  the  theory  and  structure  of  medical  induction 
coils,  with  their  primary  and  secondary  windings, 
their  interrupters,  condensers,  etc. 

The  commonest  are  sledge  coils  (fig.  1),  in  which 
the  secondary  can  be  made  to  approach  and  cover 
the  primary  coil  to  any  desired  extent.  Some  forms 
of  this  apparatus  are  intended  to  remain  fixed  on  the 
operator's  table,  others  are  portable.  They  are 
supplied  from  accumulators,  two  or  three  Leclanche 
cells,  or  two  dry  cells. 
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In  order  to  standardise  the  results  of  electrical 
examination,  it  is  desirable  that  all  faradic  apparatus 
should  be  supplied  with  a  current  of  fixed  voltage  (4 
volts,  for  instance).  Similarly,  there  should  be  an 
agreement  between  instrument-makers  whereby  the 
resistance  (measured  in  ohms)  of  the  two  secondary 
coils  which  they  manufacture  (coarse  and  fine  winding) 
should  be  constant.  ^    It  is  useful  to  have  an  interrupter, 


Fig.  1. — Faradic  sledge  coil. 


with  which  a  tetanising  current  can  be  produced, 
as  well  as  a  single-wave  current.  One  of  the 
most  useful  types  of  apparatus  from  this  point 
of  view  is  the  lever  interrupter,  which  will  give 
any  frequency  of  interruption  from  50  to  3,000  per 
minute. 

The  intensity  of  the  faradic  current  is  increased 
by  approximating  the  secondary  and  primary  coils, 

^  The  secondary  coils  of  the  present  instruments  have  a  resist- 
ance of  1  to  10  ohms  in  the  coil  with  coarse  wire,  and  500  to  1,000 
ohms  in  the  coil  with  fine  wire. 
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and  for  clinical  purposes  it  is  considered  sufficient  to 

measure  this  intensity  in  terms  of  the  distance  (in 

centimetres)  between  the  two  coils. ^ 

Galvanic    Apparatus. — If    the    continuous    current 

of  an  electric -light  circuit  is  to  be  utilised,  a  reducer 
of  potential  will  afford  a  suitable  current  at  its  distal 
terminals.  A  rheostat  is  sometimes  used,  instead  of 
a  potential-reducer,  to  graduate  the  current. 

Rheostats  are  of  the  solid  or  "  liquid  "  type.  They 
are  introduced  into  the  circuit  as  an  additional  resist- 
ance, variable  at  will.  As  with  the  potential-reducer, 
the  graduation  of  the  current  is  smooth. 

Urban  electric -supply  systems,  producing  electric 
energy  by  continuous  current  dynamos,  in  reality 
supply  an  undulatory  current  which  is  equivalent, 
for  practical  purposes,  to  a  continuous  current.  The 
frequency  of  the  undulation  is  usually  so  great  and 
the  waves  so  small  that  it  produces  no  appreciable 
effect  in  the  stimulation  of  nerves  and  muscles.  At 
the  same  time  it  is  always  preferable  to  use  a  source 
of  absolutely  pure  and  unvarying  continuous  current. 
The  best  source,  from  this  point  of  view,  is  a  battery 
of  accumulators  (30  to  40  cells). 

Since  accumulators  require  attention  and  recharging, 
a  cell-battery  is  sometimes  preferred.  These  should 
be  of  sufficient  capacity  to  ensure  a  satisfactory 
supply.     Cells   of    the   Leclanche    type,    using    am- 

1  Instruments  for  measuring  the  faradic  current  in  units  of 
electricity  have  not  yet  been  used  in  practice  ;  this  is  to  be  regretted, 
since,  with  many  varieties  of  apparatus,  results  obtained  by 
different  observers  cannot  be  compared. 
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monium   or  zinc  chloride,   and  without  the  porous 
pot,  are  the  most  popular. 

No  forms  of  the  above-described  apparatus  are 
portable.  Hence  manufacturers  have  produced  port- 
able cell-batteries,  in  the  usual  model  of  which 
mercury  bisulphate  is  the  liquid  element  (fig.  2).     A 


Fig.  2. — Portable  galvanic  battery. 


current  of  sufficient  intensity  for  all  the  present  needs 
of  electro-diagnosis  is  ensured  with  30  to  40  cells. 

Most  portable  batteries  are  fitted  with  an  unsatis- 
factory appliance  for  graduation,  the  collector.  A 
collecting  arm,  by  passing  over  a  series  of  "  buttons," 
introduces  the  cells  successively  into  the  circuit. 
Shifting  from  one  button  to  the  next  causes 
a  sudden  rise  in  E.M.F.  equivalent  to  the  voltage 
of  the  corresponding  cell ;  this  is  a  disadvantage  in 
investigating    quantitative    changes    of    excitability. 
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one,  however,  which  may  easily  be  corrected  by  the 
introduction  of  a  rheostat. 

The  intensity  of  a  continuous  current  is  measured 
by  means  of  the  milliamperemeter.  This,  to  be  read 
easily,  should  be  aperiodic ;  that  is  to  say,  the  in- 
dicating needle  should  come  immediately  to  rest  in 
the  correct  position  without  any  periodic  oscillation. 

Permanent  and  Varying  States.  Simple  and  Double 
Key. — ^In  the  continuous  current,  the  permanent 
state  and  the  varying  states  are  distinguished.     The 

Permanent  state 


Fig.  3. — Permanent  state  of  the  constant  current,  and  the 
varying  states,  at  make  and  at  break. 

current  is  said  to  pass  into  a  permanent  state  when 
its  intensity  does  not  vary  as  time  passes.  By 
varjring  states  during  "  make "  and  "  break,"  we 
understand  the  periods  while  the  current  is  being 
made  and  being  broken,  and,  more  particularly, 
rapid  make  and  rapid  break  (fig.  3). 

The  varying  states  of  make  and  break,  known 
also  as  make  and  break  waves,  induce  muscular 
contractions  when  the  current  intensity  is  sufficient. 
To  produce  these  contractions  in  a  convenient  way, 
an  interrupter,  such  as  the  Morse  key  (the  key  of 
telegraphic  transmitters),  also  known  as  the  "  simple  " 
key,  is  introduced  into  the  circuit.     When  the  key  is 
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depressed  the  circuit  is  suddenly  made  ;  when  it  is 
released  it  springs  back,  and  the  circuit  is  broken. 

The  interrupter  is  sometimes  fixed  on  the  handle 
of  the  exploring  electrode  (interrupter  handle). 

To  enable  the  polarity  of  the  electrodes  to  be 
reversed  easily,  a  current  reverser  is  introduced  into 
the  circuit,  in  front  of  the  Morse  key.  The  functions, 
however,  of  reverser  and  interrupter  are  excellently 


Fig.  4. — Courtade's  key. 

combined,  from  the  practical  point  of  view,  in  the 
"  double  key." 

Courtade's  "  interrupter- reverser,"  or  "  Courtade's  key"  (fig.  4), 
consists  of  a  double  key,  each  extremity  of  which  can  make  con- 
tact with  two  studs — anterior  and  posterior.  The  anterior  studs 
represent  the  bifurcated  extremity  of  one  conducting  wire  from 
the  battery,  the  posterior  the  bifurcated  extremity  of  the  wire 
from  the  other  pole  of  the  battery. 

The  wires  to  the  electrodes  are  attached  to  the  pivots  of  the 
keys. 

The  position  of  the  keys  in  fig.  5  is  that  of  rest.  It  will  be  seen 
that  when  both  keys  are  raised,  no  current  is  conducted.  But  if 
the  key  A  (fig.  6)  is  lowered,  its  posterior  extremity  breaks  contact 
with  the  posterior  stud,  and  its  anterior  makes  contact  with  the 
anterior  stud  ;  in  this  way  the  circuit  is  made.  By  following 
out  the  wire  connections  in  the  diagram  it  will  be  seen  that  the 
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negative  pole  of  the  battery  is  then  in  connection  with  the  active 
electrode ;  this  is  therefore  a  negative  make  (fig.  6).     When  contact 


Fig.  6. — Manipulation  of  the  double  key  (position   of  rest). 


is  broken  at  A,  i.e.  when  the  key  A  returns  to  the  position  of 
rest,  the  circuit  is  broken,  and  thus  a  negative  break  has  been  pro- 
duced. 


Fia.  6. — Manipulation  of  the  double  key.  (The  key  A  is  lowered. 
In  this  position,  the  exploring  electrode  is  connected  to  the  nega- 
tive pole.) 

If  the  key  B  is  now  lowered,  a  make  is  again  produced,  but 
since  the  negative  pole  of  the  cell  has  thus  been  connected  with 
the  passive  electrode,  the  active  electrode  will  be  positive. 
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By  simply  manipulating  the  keys,  this  instrument  can  therefore 
be  used  to  transpose  the  polarity  of  the  electrodes,  and  to  effect 
make  and  break.  Its  convenience  renders  it  almost  indispensable 
in  galvanic  exploration. 

In  the  portable  galvanic  battery  which  one  of  us 
has  had  constructed  (fig.  2),  the  double  key  mechanism 
is  fitted  alongside  the  apparatus  for  graduation  and 
measurement. 

The  organism  reacts  to  the  continuous  electric  current  as  an 
electrolyte,  and  consequently  follows  the  laws  of  electrolytic 
polarisation.  In  other  words,  the  passage  of  the  electric  current 
develops  an  electromotive  force  of  polarisation  within  the  organism, 
antagonistic  to  that  of  the  inducing  current.  The  intensity  of 
this  current  may  reach  such  a  degree  in  certain  conditions  that 
the  results  of  electrical  exploration  may  be  affected  by  it.  It 
will  readily  be  observed  from  the  diagram  of  Courtade's  key  that 
at  the  moment  of  break  (release  of  the  key)  (fig.  5),  the  polarisation 
current,  induced  throughout  the  make,  is  short-circuited  across  the 
key.  This  is  an  advantage  from  the  point  of  view  of  the  next 
make  of  the  exploring  current,  but  at  the  moment  of  break,  the 
make  of  the  polarisation  current  superimposes  its  effects  on  those 
of  the  break  of  the  exploring  current.  Since  the  galvanometer 
registers  the  sum  of  the  intensities  of  the  two  superimposed  cur- 
rents, it  follows  that,  in  determining  the  "  break  "  threshold,  the 
intensity  recorded  will  not  be  the  actual  intensity  required  for 
the  threshold  stimulus. 

The  double  key  is  therefore  a  defective  method  for  studying 
breaks ;  preferable  to  it  is  a  simple  key  which  does  not  make 
the  polarisation  current  at  the  break  of  the  exploring  current 
(Bourguignon).^  On  the  other  hand,  the  passage  of  the  polarisa- 
tion current  through  the  double  key  in  the  interval  between  two 
makes  of  the  exploring  current  obviates  interference  with  the 
latter  by  any  secondarily  induced  current.  As  it  is  usually  con- 
sidered sufficient  in  electro- diagnosis  to  investigate  make  con- 
tractions, it  will  be  seen  that  with  the  double  key  these  can  always 
be  obtained  pure. 

In  permanent  installations  the  necessary  instru- 
ments for  electro-diagnosis  are  usually  mounted  on  a 

B  1  If  one  of  the  keys  is  kept  permanently  down,  the  Courtade  key 
Decomes  a  simple  key. 
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wall-bracket  or  a  table.  These  electro-diagnosis  tables 
are  arranged  in  such  a  way  that  both  faradic  and 
galvanic  current  are  connected  with  a  single  apparatus 
for  utilising  them,  which  renders  unnecessary  the 
disconnection  of  the  wires.  This  commutation  of 
the  current  is  effected  by  a  two-way  switch,  known 
as  Watteville^s  commutator. 

Lastly,  an  interrupting  metronome  effects  rhythmic 
interruptions  and  reversals  of  the  current,  acting,  if 
desired,  in  place  of  manual  manipulation  of  the  Court- 
ade  key.  Some  more  complicated  electro-diagnosis 
tables  are  also  fitted  with  various  instruments, 
voltmeters,  condensers,  etc. 

Electrodes. — In  exploring  motor  nerves  and  muscles 


Fig.   7.— Flat  electrodes. 

the  current  is  applied  by  means  of  sponge-electrodes. 
Of  these  there  are  two  forms,  the  flat  and  the  button- 
shaped.  The  former  (fig.  7)  consist  of  a  malleable 
metallic  plate,  unfortunately  still  sometimes  supplied 
by  the  manufacturers  covered  with  chamois  leather, 
but  which  it  is  more  satisfactory  to  cover  with  a 
layer  of  absorbent  cotton  material.  Flat  electrodes 
act  as  what  are  known  in  electro-diagnostic  technique 
as  the  indifferent  electrodes,  since  their  only  purpose 
is  to  make  the  circuit  through  the  patient ;   and  they 
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can  consequently  be  placed  anywhere  on  the  surface 
of  the  body.  It  is  usual  to  apply  them  to  the  middle 
of  the  chest  or  back,  where  they  are  secured  by 
means  of  an  elastic  band,  after  being  moistened 
with  warm  water. 


Fio.  8. — Exploring  electrodes. 


Button-shaped  electrodes,  known  also  as  tampons, 
(fig.  8),  consist  of  a  carbon  extremity  covered  with 
chamois  leather  or  absorbent  material,  attached  to 
the  end  of  a  straight  or  curved  handle. 

Used  to  localise  the  stimuli  to  the  nerve  or  muscle, 
they  constitute,  in  electro-diagnosis,  the  active  elec- 
trode ^  the  testing,  or  differentiating  electrode. 
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The  dimensions  of  the  exploring  electrode  should 
always  depend  on  those  of  the  organ  concerned.  In 
the  case  of  large  muscles,  electrodes  of  large  diameter 
(2  to  3  cm.)  are  used ;  for  small  muscles,  electrodes 
of  smaller  surface  (5  to  8  mm.  in  diameter),  or  olive- 
shaped  electrodes. 

The  exploring  electrode  introduces  into  the  organism 
a  current  of  the  same  intensity  as  does  the  indifferent 
electrode,  but  through  a  much  smaller  surface  of 
entry.  The  relation  between  the  intensity  and  the 
surface  area  is  known  as  the  density  of  the  current. 
The  density  therefore  increases  with  a  decrease  in 
size  of  the  electrode. 

In    certain    cases,    particularly    with    the    faradic 

current,  it  is  necessary 
to  localise  the  current  to 
a  single  nerve  or  muscle. 

Fig.  g.-Duchenne's  brush.      To    apply    this    "  bipolar  " 

method  it  is  best  to  use 
two  small  olive-shaped  tampons  held  in  one  hand. 

An  investigation  of  cutaneous  sensations  with  the 
faradic  current  is  sometimes  carried  out  with  sponge 
electrodes,  but  it  is  more  usual  to  employ  metal 
electrodes,  such  as  Duchenne^s  brush  (fig.  9),  a  small 
brush  formed  by  a  bunch  of  brass  wires. 

Duchenne's  brush  can  only  be  used  for  unipolar 
exploration.  Now  in  cases  of  complete  anaesthesia 
or  marked  hypoaesthesia,  the  strong  currents  which 
will  have  to  be  employed  will  affect  both  nerves  and 
muscles  simultaneously,  the  more  so  as  the  explora- 
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tion  is  continued  nearer  to  motor  points.  Contrac- 
tions produced  in  this  way  will  interfere  considerably 
with  the  investigation  of  sensation.  It  is  therefore 
well  to  adopt  the  bipolar  method,  which  can  be  done 
by  employing  some  bipolar  metallic  electrode,  con- 
nected by  two  wires  with  the  coil.  Tripier^s  rake 
(fig.  10)  is  constructed  on  this  principle :  a  racquet- 
shaped  instrument  from  which  project  two  sets  of  blunt 


Fig.  10. — Tripier's  rake. 

brass  points,  respectively  connected  with  the  two  poles 
of  the  coil. 

Condensers. — The  use  of  the  condenser  in  electro-diagnosis  has 
been  vigorously  championed  in  Austria  by  Zanietowski,  and  in 
France  by  Doumer  and  Cluzet.  Considered  too  complex,  how- 
ever, owing  to  the  calculations  which  it  involves,  it  has  been  almost 
systematically  discarded  by  the  majority  of  electro  therapists.  It 
is  not,  however,  impossible  that  a  reorganisation  of  the  system 
of  electro- diagnosis  may  reinstate  it  as  a  generally  accepted  method. 

For  reasons  which  will  be  explained  later,  certain  authors  have 
proposed  to  employ  the  method  of  condensers,  charged  to  varying 
degrees,  in  electro-diagnosis.  In  this  method  condensers  of  different 
capacity  are  charged  to  an  increasing  voltage,  thereby  deter- 
mining for  any  given  condenser  the  smallest  voltage  which  will 
evoke  the  threshold  of  muscular  contraction. 

Instead,  however,  of  determining  the  minimal  stimulus  by 
varying  the  potential  of  the  discharge  from  a  standard  condenser, 
it  may  be  determined  by  means  of  a  constant  potential  and  a 
series  of  condensers  of  increasing  capacity.  This  is  the  principle 
of  the  "  method  of  condensers  of  variable  capacity,"  the  use  of 
which,  though  still  limited,  may  be  required  more  generally  in 
the  future. 
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The  duration  of  the  discharge  from  a  condenser  is  in  proportion 
to  its  capacity. ^  With  a  series  of  condensers  of  increasing  capacities, 
and  charged  to  the  same  potential,  it  will  therefore  be  possible  to 
apply  discharges  to  the  nerve  or  muscle  differing  in  the  matter 
of  duration. 

Cluzet's  condenser  of  variable  capacity  (fig.  11)  consists  of  a  series 
of  condenser  plates  of  respective  capacities  0-005,  0-01,  0-02,  0-02, 
0-05,  0-1,  0-2,  0*2,  0-5,  1,  3,  and  5  microfarads. 

On  the  upper  surface  of  the  box  in  which  they  are  enclosed  is 


Fig.  11. — Condenser  of  variable  capacity. 


a  system  of  spring  keys  by  means  of  which  a  single  condenser,  or 
a  combination  of  any  nxmaber,  may  be  used.  Capacities  graduated 
from  0-005  to  10  microfarads  are  therefore  available. 

A  plug  connection  supplies  the  apparatus  from  a  source  of  con- 
tinuous current  (preferably  a  110  volt  circuit).  A  two-way  Morse 
key  effects  successive  charge  and  discharge  into  the  utilisation 
circuit.  Finally,  a  series  of  resistances  (1,000,  2,000,  5,000  ohms) 
may  also  be  introduced  into  this  circuit.     The  current  is  conveyed 

1  To  be  more  exact,  the  duration  of  the  discharge  from  a  con- 
denser depends  upon  the  capacity  C  and  the  resistance  R.  The 
product  RC  =  t  is  the  time  constant  of  the  condenser.  If  R  is 
constant,  the  duration  of  the  discharge  varies  solely  with  the 
capacity  of  the  condenser. 
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to  the  patient  by  means  of  ordinary  electrodes  (active  and  in- 
different) ;  the  polarity  is  reversible  at  will  by  a  commutator. 
No  measuring  instrument  is  fitted  ;  this,  however,^  would  serve 
no  purpose,  since  the  determination  of  the  capacity  which  gives 
the  threshold  (liminal  capacity),  decides  the  principal  question  of 
the  investigation,  the  duration  of  stimulus.  For  normal  muscles 
and  nerves  this  liminal  capacity  is  almost  exactly  0-02  microfarad. 
But  in  a  pathological  condition  this  is  inadequate.  By  manipulat- 
ing the  keys  higher  capacities  are  gradually  introduced  until  the 
minimal  contraction  is  obtained. 

Sometimes,  particularly  when  the  muscle  reacts  to  the  galvanic 
current  with  a  very  slow  contraction,  a  capacity  of  10  microfarads 
produces  no  contraction.  One  of  the  resistances  must  then  be 
introduced  into  the  discharge  circuit. 


III.  The  Normal  Eeaction  of  Motor  Nerves 
AND  Muscles 

The  Meaning  of  Threshold. — ^AU  modes  of  electrical 
stimulation,  such  as  the  faradic  current,  static  dis- 
charges, discharges  from  condensers,  and  varying 
states  of  make  and  break  of  the  galvanic  current,  if 
applied  to  a  healthy  muscle  or  its  motor  nerve,  will 
produce  muscular  contraction ;  that  is  to  say,  the 
passage  of  the  muscle  from  the  state  of  repose  into 
that  of  activity. 

For  the  efiects  of  stimulation  to  be  produced,  the 
stimulating  agent  must  reach  a  certain  definite  mea- 
sure, below  which  it  remains  ineffective.  This  lower 
limit  is  the  threshold  stimulus,  and  the  contraction 
which  it  evokes,  in  response,  is  the  minimal  con- 
traction. 

All  stronger  stimuli  cause  contraction,  and  the 
energy  of  the  latter  increases  with  the  intensity  of 
-the  exciting  current.     This  proceeds  until  a  limit  is 
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reached,  known  as  the  maximal  contraction,  the 
energy  of  which  cannot  be  increased  by  an  increase 
of  current-intensity.  The  point  at  which  this  maxi- 
mum is  reached  is  difficult  to  determine,  but  the 
value  of  the  exciting  current,  at  the  moment  of 
transition  from  an  inadequate  to  an  effective  stimulus, 
is  capable  of  much  easier  and  more  exact  measure- 
ment. For  this  reason  the  threshold  has  been  adopted 
in  practice  as  a  measure  of  excitability. 

Excitability  and  Conductivity. — A  motor  nerve 
causes  a  muscle  to  contract  only  when  the  stimulus 
is  conducted  to  the  extremity  of  that  nerve.  This 
property  of  the  nerve  by  which  the  stimulus  is  con- 
ducted along  it,  conductivity,  is  absolutely  distinct 
from  excitability.  Several  experiments  in  elementary 
physiology  demonstrate  the  fact  that  these  two 
properties  of  the  nerve  are  independent.  Of  these 
the  most  classical  is  Grunhagen's  experiment. 


A  nerve-muscle  preparation  is  obtained,  and  the  nerve  is 
into  a  tube  where  a  current  of  carbonic  acid  is  circulating.  It 
can  then  be  shown  that  if  the  nerve  be  stimulated  in  its  course 
through  the  tube,  there  is  no  muscular  response.  On  the  other 
hand,  stimulation  further  up  the  nerve  produces  muscular  con- 
traction ;  conductivity  is  therefore  preserved.  The  opposite 
phenomenon,  however,  is  produced  when  the  nerve  is  submitted 
to  the  action,  not  of  acid,  but  of  alcohol  or  ether  vapour.  In  this 
case  the  conductivity  is  the  first  to  disappear. 

The  independence  of  excitability  and  conductivity 
is  similarly  observed  in  electro-diagnosis. 

Thus,  Erb  was  the  first  to  observe  that  in  the  common 
radial  paralysis  caused  by  momentary  compression, 
stimulation  of  the  nerve  above  the  point  of  com- 
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pression  (in  the  axilla  or  at  Erb's  point)  is  incapable 
of  producing  contraction  of  the  extensors  of  the 
forearm,  whereas  it  is  effective  when  the  electrode  is 
applied  below  the  point  of  compression.  In  this  case 
the  radial  nerve,  although  its  excitability  is  preserved, 
has  lost  its  power  of  conducting  voluntary  impulses 
and  of  transmitting  an  electrical  stimulus .  Conversely, 
when  a  nerve  which  has  lost  its  motor  functions  and 
electric  excitability  begins  to  recover  these  proper- 
ties, the  earliest  phenomenon  is  usually  recovery  of 
the  power  of  voluntary  movement,  after  which  the 
nerve  above  the  lesion  becomes  excitable,  and  later 
still,  excitability  below  the  lesion  is  recovered.  Here 
again  there  is  therefore  dissociation  of  excitability 
and  conductivity. 

These  two  different  properties  of  the  nerve,  excit- 
ability and  conductivity,  are  usually  attributed  to 
two  different  elements  in  the  neurone.  The  function 
of  conductivity,  both  voluntary  and  electrical,  is 
concerned  with  the  axis  cylinder,  while  the  function 
of  excitability  is  connected  with  the  myelin  sheath, 
and  it  is  by  the  myelin  that  electric  stimuli  are  trans- 
mitted. 

Now,  in  nerve  lesions  it  appears  that  changes  in 
the  myelin  precede  those  in  the  axis-cylinder. 

At  the  same  time  the  axis-cylinder  should  appar- 
ently recover  its  anatomical  integrity  earlier  than 
the  myelin,  since  in  the  process  of  regeneration  a 
nerve  recovers  its  power  of  conducting  voluntary 
impulses  earlier  than  its  excitability. 
2 
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IV.  Stimulation  with  the  Faradic  Current 
Single  Faradic  Contractions  from  Induction  Shocks 
(fig.  12). — When  a  motor  nerve  or  muscle  is  stimu- 
lated by  means  of  an  induced  current  progressively- 
increasing  in  intensity,  produced  at  break  of  the 
interrupter,  it  is  found  that  with  a  low  intensity 
only  the  wave  induced  at  break  produces  an  effect.  To 
obtain  a  contraction  with  the  wave  induced  at  make, 
the  intensity  must  be  increased  considerably,   and 
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Fia.  12. — Single  faradic  contractions  (A).     At  B  the  induction 
shocks  (waves  at  break). 

with  such  a  current  the  break  contraction  is  decidedly 
more  forcible  than  the  make. 

The  greater  intensity  and  shorter  duration  of  the 
break  wave  are  the  two  physical  factors  which  explain 
this  difference  between  the  make  and  break  waves. 

The  total  duration  of  the  muscular  contraction 
being  about  one-tenth  of  a  second,  a  succession  of 
single  contractions  will  be  obtained  by  adjusting  the 
interrupter  for  a  lower  frequency  than  10  stimuli 
per  second.  In  practice,  however,  to  obtain  clearly 
distinct  contractions,  there  must  be  an  interval  of 
rest  between  each  at  least  equal  to  the  time  of  the 
contraction.  The  contractions  are  only  clearly  iso- 
lated with  a  frequency  of  1  to  2  stimuli  per  second. 
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Physiological  Tetanus. — ^When,  on  the  other  hand, 
a  stimulus  reaches  the  nerve  or  muscle  during  the 
period  of  relaxation  after  a  previous  contraction,  a 
second  contraction  prolongs  the  first  and  increases 
its  amplitude.     A  succession  of  stimuli  applied  under 
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Fig.  13. — Incomplete  faradic  tetanus. 

these    conditions    produces    incomplete    physiological 
tetanus    (fig.    13).     This    phenomenon    is    given    by- 
frequencies  of  from  3  to  15  interruptions  per  second. 
By   adjusting   for  higher  frequencies,    a   point   is 
reached  at  which  the  stimuli  recur  with  sufficient 


Fig.   14. — Complete  faradic  tetanus. 

rapidity  to  coincide  with  the  end  of  the  contraction 
period  caused  by  the  preceding  stimulus.  Hence  the 
muscle  has  no  longer  any  time  to  relax  ;  in  spite  of 
the  succession  of  stimuli,  it  displays  the  picture  of  a 
single  contraction.  This  is  spoken  of  as  fusion  of 
contractions,  or  complete  physiological  tetanus  (fig.  14). 


20  ELECTRO-DIAGNOSIS  IN   WAR 

A  further  increase  of  frequency  beyond  that  pro- 
ducing complete  tetanus  only  increases  the  amplitude 
of  the  contraction. 

The  minimum  frequency  to  produce  tetanus  varies 
with  the  subject  and  with  the  muscle.  As  a  rule,  it 
is  given  by  a  frequency  of  18  to  25. 

Current  of  Quantity  and  Current  of  Tension. — It  is  usual 
to  say  that  the  secondary  current  produced  in  the  coil 
with  fine  wire  (current  of  tension)  'acts  on  the  sensory 
apparatus,  whereas  current  from  a  coil  with  coarse 
wire  (current  of  quantity)  acts  on  the  motor  apparatus. 
These  expressions  suggest  a  specificity  which  does 
not  exist.  It  is  certain  that  coils  with  fine  wire,  par- 
ticularly when  the  current  is  applied  by  means  of 
dry  electrodes,  have  a  marked  effect  on  sensory 
nerve-endings,  and  the  more  the  tension  is  raised 
the  more  painful  does  the  current  become.  With 
moist  electrodes  the  sensory  effect  is  less,  but  it  is 
always  more  marked  than  with  the  current  of  quan- 
tity. With  the  coil  of  coarse  wire  and  with  moist 
alectrodes,  pronounced  motor  effect  can  be  developed 
by  approximating  the  coils,  without  causing  painful 
sensation.  If,  however,  a  contractile  response  is  not 
obtained  at  the  maximum  approximation,  the  in- 
tensity must  be  insufficient.  A  contraction  can  then 
be  obtained  with  the  finely  wound  coil,  which  owing 
to  the  greater  tension  of  the  current  will  give  a  greater 
intensity.  In  certain  cases  this  contraction  may, 
instead,  be  obtained  by  using  a  coil  giving  a  current 
of   lower   tension    (medium    winding),    which   conse- 


TECHNIQUE  OF  ELECTRO-DIAGNOSIS    21 

quently  will  produce  only  a  moderate  degree  of  painful 
sensation. 

V.    Stimulation  with  the  Galvanic  Cfrrent 

The  Law  of  Contraction. — ^The  stimulation  of  a 
nerve  or  muscle  by  a  continuous  current  in  the  per- 
manent state  is  ineffective  with  low  intensities  of 
current.  With  adequate  intensities  there  results, 
not  a  muscular  contraction,  but  an  increase  of  the 
normal  tone  (Remak's  galvanotonic  contraction). 
To  cause  contractions  with  the  galvanic  current  it  is 
necessary  to  produce  sharp  variations  of  intensity 
(Du  Bois-Reymond). 

In  experimental  physiology,  when  two  electrodes 
are  applied  to  an  exposed  motor  nerve,  and  a  current 
of  moderate  intensity  is  sharply  made  and  broken,  a 
twitch  is  observed  in  the  muscles  innervated  by 
the  nerve  excited,  at  the  instant  of  sudden  make 
and  sudden  break. 

If  the  intensity  of  a  constant  current  already 
[traversing  the  nerve  is  suddenly  diminished  or  in- 
jreased,  the  same  phenomenon  is  observed. 

The  contraction  at  make  and  that  at  break,  how- 
[ever,  only  occur  with  currents  of  moderate  intensity. 
[With  weak  currents,  sufficient  to  produce  only  one 
contraction,  the  twitch  only  occurs  at  the  make  ; 
igain,  with  strong  currents  only  one  twitch  is  ob- 
served, which  takes  place  at  the  make  if  the  current 

descending,  and  at  the  break  if  it  is  ascending. 

These   peculiarities   constitute   what   is   known   as 
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Pfluger^s  law  of  contraction.  But  although  this  law 
is  regarded  as  one  of  the  fundamental  discoveries 
of  electrophysiology,  it  is  now  only  of  secondary 
interest  from  the  clinical  point  of  view,  by  reason,  in 
particular,  of  the  fact  that  it  is  almost  impossible, 
unless  very  strong  currents  are  used  (Brenner),  to 
reproduce  the  conditions  of  Pfliiger's  experiment 
through  the  skin  in  man. 

The  Unipolar  Method  of  Stimulation.  —  Pfliiger's 
law  regards  the  direction  of  the  current,  whether 
ascending  or  descending,  as  the  essential  factor  in 
determining  the  order  of  the  muscular  responses. 

It  was  subsequently  questioned,  however,  whether 
these  phenomena  really  depended  on  the  direction 
of  the  current,  or  whether  they  did  not  follow  simply 
from  the  specific  action  of  each  pole.  To  decide 
this  question,  a  means  must  be  found  of  studying 
their  respective  actions  separately. 

The  unipolar  method  of  stimulation,  introduced 
in  physiology  by  Chauveau,  and  shortly  afterwards 
by  Brenner  as  a  clinical  method,  apparently  proved 
the  specificity  of  each  of  the  poles. 

In  this  method,  the  nerve  is  investigated  by  stimu- 
lation with  a  single  electrode  ;  the  other,  known  as 
the  indifferent  or  passive  electrode,  being  fixed  at  a 
point  some  distance  from  the  nerve  concerned. 

The  Order  of  Appearance  of  Contractions  :  The  Normal 
Formula. — ^In  man,  the  effects  of  unipolar  stimula- 
tion  may  be  studied  by  applying  a  large  indifferent 
electrode  to  some  point,  preferably  the  patient's  back, 
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and  applying  a  tampon  electrode,  2  sq.  cm.  in  area, 
over  an  easily  accessible  nerve.  Under  these  con- 
ditions, if  the  intensity  of  the  current  be  gradually 
increased,  the  following  phenomena  are  observed. 

At  first  no  contraction  is  produced  until  the  thres- 
hold intensity  is  reached ;  this  varies  with  different 
nerves  from  0*1  to  5  milliamperes.^  Then,  with  a 
weak  current,  and  the  active  electrode  connected 
to  the  negative  pole,  the  varying  state  of  make 
produces  a  short,  sharp,  and  rapid  contraction,  while 
the  break  has  no  effect.  The  same  stimulus  with 
the  same  strength  of  current,  but  with  the  positive 
pole  in  connection  with  the  nerve,  produces  no  con- 
traction, either  at  make  or  at  break. 

With  a  stronger  current,  and  the  active  electrode 
connected  to  the  negative  pole,  the  make  gives   a 
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1  The  degree  of  intensity  required  to  excite  different  nerves 
varies  with  the  nerve  concerned,  the  regulating  mechanism,  the 
surface  area  of  the  active  electrode,  etc.  Thus  with  electrodes 
3  sq.  cm.  or  more  in  area,  a  rather  stronger  current  is  required 
to  obtain  the  threshold  than  with  smaller  instruments.  Adjusting 
the  intensity  with  a  rheostat,  or  a  resistance  introduced  into  the 
stimulating  circuit,  gives  higher  values  for  the  threshold  than 
obtained  with  a  potential  reducer  or  a  cell- collector.     Lastly, 

ere  may  be  very  wide  individual  variations.  Usually,  with  a 
1  to  2  sq.  cm.  electrode,  and  a  collector,  the  threshold  is  as  follows  : 


Musculo-cutaneous 

.     0-1  ma.  to  0*3  ma 

Ulnar  (in 

the  sulcus)    . 

.     0-5     „     „    2-5      „ 

„      (in 

the  arm) 

.     0-2     „     „    1-0      ,. 

Median 

. 

.     0-3     „     „    1-5     „ 

Radial 

. 

.     1-0     „     „    3-0      „ 

Facial 

. 

.     0-6     „     „    2-0      „ 

Crural 

. 

.     0-5     „     „    2-0      „ 

External  popliteal 

.     0-2     „     „    2-0      „ 
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more  forcible  contraction  than  before  :  no  twitch 
occurs  at  the  break.  If  the  active  electrode  is  made 
positive,  a  current  of  the  same  intensity  produces  : 
(1)  a  fairly  strong  contraction  at  make,  (2)  a  weaker 
contraction  at  break. 

With  a  still  stronger  current,  and  the  active  elec- 
trode negative,  we  obtain,  (1)  a  persistent  tetanic  ^ 
contraction  at  make,  (2)  a  slight  twitch  at  the  break. 
The  latter  is  only  perceptible  with  a  very  strong 
current,  which  is  often  painful. 

If  the  active  pole  is  positive,  contractions  in  the 
same  ratio  as  in  the  preceding  case  occur  at  make 
and  break,  both,  however,  with  considerable  force. 

In  observing  the  intensities  at  which  these  different 
contractions  appear,  they  are  seen  to  succeed  one 
another  in  the  following  order  :  first  KCC,  then  ACC, 
then  AOC,  and  lastly  KOC  ;  this  is  usually  repre- 
sented by  the  conventional  formula  : 

KCC  >  ACC  >  AOC  >  KOC ; 

it  is  sometimes  written  KCC^e  >  ACC  >  AOC  >  KOC, 
to  indicate  the  tonic  nature  of  the  kathodal  closing 
contraction  when  strong  currents  are  employed. 

In  reality,  as  Cardot  and  Laugier  point  out,  this 
formula  indicates,  not  the  order  of    appearance  of 

1  We  use  the  word  tetanic  here  out  of  respect  for  the  old  ter- 
minology. But  as  Bourguignon  very  rightly  said,  the  word  tetanus 
has  a  definite  meaning  in  physiology,  suggesting  the  idea  of  a 
fusion  of  simple  contractions.  Now  the  galvanic  current  produces 
a  simple,  sustained,  and  tonic  contraction  ;  that  is,  a  galvanotonic 
contraction. 
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these  stimuli,  but  the  magnitude  of  the  contractions 
with  a  current  of  sufficient  intensity  to  produce  all 
four  of  them.  The  exact  formula  of  their  order  of 
appearance  would  be  : 

Threshold  KCC  <  threshold  ACC  <  threshold  AOC 
<  threshold  KOC. 

This  formula  is  the  general  rule.  With  certain 
nerves,  however,  the  positive  break  contraction 
sometimes  appears  with  an  intensity  equal  to,  or 
less  than,  that  necessary  for  obtaining  the  positive 
make  contraction.  This  peculiarity,  already  described 
by  Remak  and  Erb,  is  not  infrequently  observed  in 
the  radial,  the  external  popliteal,  and  sometimes  the 
median  and  ulnar  nerves.     The  formula  then  becomes : 

KCC  >  AOC  ^  ACC  >  KOC. 

When,  instead  of  applying  the  active  electrode  to 
the  nerve  it  is  applied  over  the  muscle,  we  observe 
that  the  order  of  appearance  of  the  contractions  is 
the  same.     The  formula  is  identical,  with  the  foUow- 

g  modifications  : 

1.  A  current  of  liminal  intensity  for  the  muscle 
causes  a  relatively  powerful  contraction  if  applied 
to  the  nerve  ;  the  latter  is  therefore  more  excitable 
than  the  muscle. 

2.  Break  contractions  require  a  greater  intensity 
on  the  muscle  than  on  the  nerve :  such  an  intensity 

^■s  may  become  painful.    The  KO  contraction  should 
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not,  at  times,  be  produced,  since  the  current  necessary 
to  produce  it  would  be  unbearable.^ 

3.  The  gal vano tonic  contraction  KCC^e  is  much 
more  difficult  to  obtain  than  on  the  nerve. 

This  order  of  appearance  of  contractions  is  common 
to  man  and  animals.  In  animals,  however,  the 
results  are  no  longer  the  same  when,  instead  of  deter- 
mining the  smallest  intensity  of  current  necessary 
to  provoke  contraction,  currents  of  increased  intensity 
are  applied.  Instead  of  the  predominance  of  KCC 
over  ACC,  it  is  often  observed  that  KCC  and  ACC 

equal, 


are  equal,  or  even 
ACC  may  be  greater 
than  KCC. 

Chauveau     has 
shown,  in  fact,  on  the 

Fig.  15. — Variation  in  amplitude  of  frog,  that  with    rCgU- 

contraction  produced  by  each  pole  as  .  .  . 

determined  by   the   intensity   of  the  larly  increasing     uni- 
current  (Chauveau).                                          ,  •.    ^ •  .-r 

polar  excitations,  the 
negative  response  increases  in  amplitude  and  dura- 
tion, at  first  quickly,  then  more  slowly,  whereas  the 
positive  increases  in  a  regular  and  constant  manner 
up  to  the  maximal  contraction.  It  follows  that  for 
a  certain  intensity,  the  contractions  are  equal ;  the 
ACC  becomes  equal  in  force  and  amplitude  to  the 
KCC    (Chauveau's    neutral    point)     (fig.    15).     With 

1  The  AOC  is  obtained  with  relative  ease  on  such  large  muscles 
as  the  biceps,  supinator  longus,  flexor  digitorum,  vastus  intemus, 
stemo- mastoid,  and  trapezius.  But  with  small  muscles  such  as 
those  of  the  face,  more  than  5  ma.  are  sometimes  required  in  the 
normal  state,  and  produce  very  painful  sensations.  The  KO 
contraction  is  naturally  still  more  difficult  to  obtain. 
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still  greater  intensities,  the  ACC  predominates  entirely, 
contractions  with  the  negative  pole  remaining  sta- 
tionary or  even  beginning  to  weaken.  Thus  an 
actual  inversion  occurs.  According  to  Boudet  of 
Paris,  if  the  strength  of  the  current  be  increased  still 
further,  contractions  with  the  positive  pole  diminish 
in  their  turn,  then  again  equalise  those  from  the 
negative  pole,  and  finally  diminish  more  rapidly  than 
the  latter.  There  would  therefore  be  a  second  neutral 
point. 

With  break  currents  the  opposite  phenomenon 
occurs. 

In  the  normal  state  in  man,  it  is  difficult  to  demon- 
strate this  phenomenon,  as  a  current  of  sufficient 
strength  cannot  be  used.  But  in  a  pathological  state, 
thi«  is  not  so,  as  will  be  seen  later  (Bourguignon). 

The  Supposed  Specific  Action  of  the  Poles. — Results 
of  the  unipolar  method  of  investigation  possess  the 
value  belonging  to  observed  facts.  Each  of  the 
poles,  at  make  and  at  break,  has  a  different  exciting 
power. 

It  is  for  this  reason  that  in  electro-diagnosis  a  very 
large  indifferent  electrode  is  used  on  the  one  hand, 
and  on  the  other,  an  active  electrode  transmitting 
the  current  at  a  very  high  density,  a  procedure  by 
which  the  effect  of  one  of  the  poles  is  absolutely 
excluded,  through  an  increase  in  the  exciting  power 
of  the  one  of  which  the  action  is  being  studied. 
jThis  supposed  polar  specificity  is,  however,  only 
apparent.     It   is    explained   in   the   law   of   electro- 
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physiology  stated  simultaneously  by  Pfliiger,  von 
Bezold,  and  Brenner  (1859)  :  stimulation  originates  at 
the  kathode  at  make,  at  the  anode  at  break.  Brenner, 
then  de  Watteville,  Erb,  and  finally  Bourguignon, 
proceeded  to  demonstrate  that  this  law,  based  on 
experiments  with  an  animal,  by  the  bipolar  method, 
was  true  for  man,  and  with  the  unipolar  method. 

At  the  make,  when  the  testing  electrode  is  negative, 
the  stimulus  originates  from  it ;  when  it  is  positive, 
the  stimulus  passes  from  the  indifferent  electrode, 
and  impinges  on  the  nerve  or  muscle  over  a  much 
wider  area  (virtual  electrode),  and  consequently  at  a 
much  lower  density.  This  reduced  density  can  only 
produce  a  contraction  of  a  lesser  intensity.  At  the 
break,  the  negative  pole  being  on  the  nerve  or  muscle, 
the  stimulus  passes  from  the  indifferent  electrode, 
and  reaches  the  nerve  or  muscle  at  a  lower  density 
than  would  be  the  case  were  the  positive  electrode 
applied  to  the  organ  concerned.  Hence  it  follows 
that  the  AOC  should  be  greater  than  the  KO  con- 
traction. 

In  reality,  when  we  stimulate  a  nerve  or  muscle 
alternately  with  negative  and  positive,  we  are  not 
bringing  a  selective  action  of  each  pole  into  play, 
after  excluding  effects  from  the  pole  of  opposite  name. 
We  simply  effect  stimulation  of  the  organ  at  a  density 
which  varies  according  to  the  point  of  origin  of  the 
stimulus. 
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VI.    Exploration 

General  Technique. — ^To  carry  out  an  electro- 
diagnostic  examination  under  good  conditions,  the 
region  to  be  explored  should  be  placed  in  a  good 
light,  and  in  such  a  position  that  the  muscles  to  be 
stimulated  are  in  a  state  of  complete  relaxation.  For 
this  reason,  it  is  often  more  convenient  to  examine 
the  patient  lying  on  a  bed  or  a  couch. ^ 

It  is  always  well,  and  all  classical  works  are  agreed 
on  this  point,  to  commence  with  faradic  exploration, 
first  the  nerve  and  then  the  muscle.  Beginners  will 
do  well  to  follow  this  rule,  but  experienced  electro- 
logists  prefer  to  begin  with  the  galvanic  exploration 
of  muscles.  This,  owing  to  the  form  of  the  contraction 
and  the  strength  of  the  current  required,  enables 
conclusions  to  be  formed  rapidly.  It  shows  imme- 
diately, at  the  first  touch  of  the  key,  whether  the 
reaction  of  degeneration  is  present  or  not,  and  subse- 
quent faradic  exploration  completes  this  original 
observation  by  indicating  whether  the  reaction  of 
degeneration  is  complete  or  partial. 

Finally,  the  passage  of  the  continuous  current  some- 
times reveals  latent  faradic  excitability  in  the  muscle 
(v.  p.  81).  By  beginning  with  galvanic  exploration, 
it  will  be  possible  to  decide  more  definitely  whether 
faradic  excitability  is  absent  or  preserved,  which  is 

^  It  is  often  important,  for  reasons  which  will  be  explained  on 
p.  80,  to  preface  an  examination  by  immersing  the  limb  concerned 
for  some  time  in  warm  water. 
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of  the  greatest  importance  from  the  point  of  view 
of  the  degree  of  the  reaction  of  degeneration. 

The  examination  of  muscles  with  the  galvanic 
current  should  concern  itself  with  the  nature  of  the 
contraction,  the  minimum  strength  required  to  obtain 
the  threshold,  and  the  order  of  appearance  of  the 
contractions.  As  a  rule  the  break  contractions  are 
not  studied;  the  characteristics  of  the  make  con- 
tractions alone  usually  suffice  to  indicate  the  degree 
of  hypo-  or  hyper-excitability,  the  form  of  the  con- 
traction, and  the  existence  or  absence  of  the  inversion 
reaction. 

When  the  galvanic  examination  of  the  muscles 
has  been  completed,  the  f  aradic  examination  is  under- 
taken ;  finally,  the  nerves  are  examined. 

Either  a  frequently  interrupted  faradic  current,  or 
single  shocks,  will  be  used,  according  to  circumstances 
(v.  p.  53).  Whenever  unilateral  lesions  are  concerned, 
the  nerves  and  muscles  of  the  unaffected  side  should 
be  examined  from  time  to  time,  as  their  normal 
reactions  are  of  the  utmost  value  for  comparison. 

Unipolar  Method. — ^The  electrodes  by  which  the 
current  is  to  be  transmitted  to  the  patient  are  located 
according  to  the  principle  of  the  unipolar  method : 
one,  the  indifferent  electrode,  at  some  point  on  the 
dorsal  or  lumbar  region,  or  in  front  of  the  sternum 
(in  such  a  way  that  the  sagittal  plane  of  the  body 
cuts  it  into  two  equal  parts)  ;  the  other,  the  testing 
electrode,  upon  the  nerve  or  muscle  to  be  examined. 
The  latter  will  be  chosen  with  suitable  diameter : 
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small  (8  to  10  mm.  in  diameter)  for  the  examination 
of  the  nerves  and  muscles  of  the  face,  the  small 
muscles  of  the  hand ;  medium  (2  to  2*5  cm.  in  dia- 
meter) for  the  examination  of  muscles  of  moderate 
size ;  and  larger  for  thick  muscles,  such  as  those  of 
the  calf,  or  the  quadriceps  femoris. 

Bipolar  Method. — It  often  happens  that  when  the 


Fig.  16. — Bipolar  method. 

aradic  excitability  of  a  muscle  is  much  diminished, 

(he  strong  faradic  stimulus  employed  to  produce 
ontraction  is  conducted  to  the  healthy  muscles  of 
he  region.  In  this  case  the  limb  under  examination 
3  violently  shaken,  and  the  contraction  of  neigh- 
►ouring  muscles  obscures  that  of  the  muscle  under 
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observation,  the  excitability  of  which  cannot,  there-=' 
fore,  be  estimated. 

The  indication  then  is  to  localise  the  action  of  the 
current  to  this  muscle.  For  this  purpose  the  wires 
from  the  coil  are  connected  with  two  small  electrodes 
of  suitable  dimensions,  preferably  small  olive-shaped 
electrodes,  which  are  applied  approximately  over  the 
region  of  the  ellipse  formed  by  the  fleshy  belly  of 
the  muscle.  This  is  the  bipolar  method,  which 
Duchenne  (of  Boulogne)  found  so  satisfactory  (fig.  16). 

With  the  galvanic  current,  the  examination  should 
always,  as  a  matter  of  principle,  be  carried  out  by 
the  unipolar  method.  When,  however,  the  excita- 
bility of  the  region  under  examination  is  much  reduced, 
stimulation,  owing  to  the  great  strength  of  current 
required,  again  provokes  violent  contractions  in 
neighbouring  regions  which  are  unaffected  by  the 
lesion.  It  is  therefore  sometimes  of  advantage  to 
bring  the  indilfferent  electrode  close  to  the  region 
under  examination,  to  fix  it  at  the  root  of  the  limb, 
or  again  at  a  short  distance  above  the  muscular  area 
concerned. 

To  avoid  the  masking  of  the  reactions  of  the  muscles 
afiEected  with  the  reaction  of  degeneration  by  those 
of  healthy  muscles,  produced  by  a  strong  current, 
Larat  advises  gentle  rubbing  of  the  muscle  under 
examination  with  the  testing  electrode,  and  gra- 
dually increasing  the  strength  of  the  current  until  a 
response  is  obtained.  At  the  moment  when  the 
electrode  comes  in  contact  with  the  skin,  the  healthy 
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muscles  undergo  a  sharp,  rapid,  and  only  momentary 
contraction,  followed  by  the  slow  contraction  of  the 
degenerated  muscle. 

More  scientific,  but  yet  outside  the  domain  of 
practice,  is  the  arrangement,  devised  by  Lapicque, 
of  a  condenser  placed  in  parallel  with  the  stimulating 
circuit,  the  latter  being  rendered  more  resistant 
by  an  additional  resistance,  intended  to  retard  the 
making  of  the  current.  The  galvanic  wave  is  thus 
rendered  too  slow  to  excite  healthy  striped  muscle, 
and  only  provokes  the  slow  contraction  of  the  de- 
generated muscles. 

Motor  Points. — ^Trans-cutaneous  stimulation  is  only 

practicable  when  the  nerve  or  muscle  is  superficially 

situated,  i.e.  only  a  short  distance  beneath  the  skin. 

Deep  nerves  and  muscles  cannot  be  investigated. 

^K   Nerves  are  not  usually  accessible  except  in  their 

I^Bxposed  parts,  at  points  where  they  are  not  surrounded 

'™l)y  muscle.     (Example  :    The  median  nerve  between 

the  flexor  tendons  above  the  wrist,  the  ulnar  in  the 

epitrochlear-olecranon  sulcus.) 

Sometimes,  however,  it  is  difficult  to  reach  them, 
as  in  a  case  where  the  nerve  runs  alongside  the  body 
of  a  muscle.  Here  stimulation  causes  a  simultaneous 
contraction  of  this  neighbouring  muscle,  which,  in 
expanding,  often  intervenes  between  the  electrode 
and  the  nerve.  (Example  :  The  radial  nerve  in  the 
lower  part  of  the  musculo-spiral  groove.) 

All  the  fleshy  part  of  a  muscle  is  excitable,  but  this 
excitability  is  always  more  pronounced  over  a  limited 
3 
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area,  which  generally  corresponds  both  to  the  most 
superficial  part  of  the  muscle,  and  to  the  point  of 
entry  of  the  nerve  which  supplies  it.  These  areas 
where  nerves  are  accessible,  or  where  muscles  can 
most  readily  be  excited,  are  called  ^points  of  election, 
or  motor  points. 

Muscles  usually  possess  one  motor  point,  but  a 
few  multi-fascicular  muscles  have  two,  or  even  three, 
like  the  deltoid. 

It  is  with  these  points  that  the  exploring  electrode 
is  concerned. 

All  works  on  electrotherapy  contain  plates  showing 
the  topography  of  the  motor  points ;  that  is,  their 
position  on  the  surface  of  the  skin.  The  electrologist, 
however,  should  know  the  situation  of  these  points 
sufficiently  well  by  heart  to  dispense  with  frequent 
reference  to  diagrams,  which  complicates  an  examina- 
tion considerably. 

To  acquire  a  rapid  familiarity  with  their  situation  it  is  much 
more  profitable,  in  our  opinion,  to  use  good  anatomical  plates  than 
to  study  the  diagrams  referred  to  above. 

A  mental  dissection  of  the  region  to  be  examined  suggests  the 
relations  of  the  parts,  and  assists  the  memory  of  these  points  of 
election,  giving  the  hand  which  is  manipulating  the  electrode  that 
assurance  and  precision  required  for  their  "  discovery." 

Lastly,  it  must  be  remembered  that  the  classical  points  are 
subject  to  individual  variations  in  position,  so  much  so  that  the 
motor  point  is  often  discovered  only  after  a  succession  of  tentative 
stimuli  over  a  given  area. 

The  classical  plates  all  show  an  inordinately  large 
number  of  motor  points.  In  addition  to  those  which 
it  is  absolutely  necessary  to  know,  there  is  a  whole 
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series  of  points  which  are  never  examined,  or  only 
in  such  exceptional  conditions  ^  that  it  seems  to  us 
altogether  useless  to  reproduce  them  here,  particularly 
as  the  situation  of  the  principal  ones  will  be  all  the 
more  evident  in  consequence.  Finally,  we  have 
definitely  broken  with  old  tradition  in  diagrams  of 
motor  points  by  showing,  as  in  works  on  operative 
medicine,  such  anatomical  relations  as  will  enable 
the  operator  to  locate  these  points  with  ease  and 
rapidity. 

THE    PRINCIPAL    MOTOR    POINTS  « 

THE  MOTOR  POINTS  OF  THE  FACE 

Examination  of  the  muscles  of  the  face  should  he  carried  out  ioith  a 
sm^ll  electrode,  less  than  1  cm,,  in  diam,eter.  The  faradic  current  is 
only  em/ployed  in  the  form,  of  single  shocks,  as  far  as  'possible  of  low 
tension,  in  order  to  reduce  stimulation  of  sensory  nerve^endings  to  a 
minimum. 

1.  Facial  Nerve. — The  facial  nerve  is  stimulated  either  below  the 
ear,  between  the  mastoid  and  the  ascending  ramus  of  the  mandible, 
the  electrode  being  applied  as  if  with  the  object  of  reaching  the 
stylo-mastoid  foramen,  or  in  front  of  the  ear,  at  the  base  of  the 
tragus.     It  may  also  be  reached  by  inserting  a  small  conical  electrode 

to  the  external  auditory  meatus,  and  moving  this  electrode  down- 

ards  and  forwards  ( Bergenia ).  Stimulation  of  the  facial  nerve 
auses  contraction  of  all  the  muscles  of  the  face. 

The  three  branches  of  the  facial  nerve  may  be  stimulated  separately. 

(1)  Upper  branch  :  on  the  temple,  slightly  outside  and  above  the 
outer  angle  of  the  eye. 

(2)  Middle  branch  :  over  the  most  prominent  point  of  the  zygo- 
matic arch. 

(3)  Lower  branch  :  immediately  above  the  angle  of  the  lower  jaw 
and  slightly  in  front  of  it. 


I^K   ^  As,  for  instance,  the  procerus  {pyramidalis  nasi)  and  nasalia 
in  the  face,    the  supinator  brevis  and  anconaeus  in  the  arm,  the 
^^^ensor  fasciae  latSB  and  pectineus  in  the  thigh,  etc. 
I^k  2  xhe  numbers  correspond  to  those  in  the  illustrations. 

II 
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These  three  points  are  situated  in  an  ahnost  straight  and  vertical 
line  passing  through  the  most  prominent  point  of  the  zygomatic 
process. 

Care  should  be  taken,  in  examining  branches  of  the  facial  nerve, 
not  to  be  led  into  error  by  contractions  of  the  masseter  and  tem- 
poralis muscles  (trigeminal),  to  which  the  stimulus  is  conducted 
when  a  current  of  sufficient  strength  is  used. 

2.  Frontaus  muscle. — Motor  point :  over  the  prominence  of  the 
frontal  bone,^  above  the  external  region  of  the  orbit.  Elevates  the 
eyebrow  and  furrows  the  forehead. 

3.  Obbiculabis  oculi. — Motor  point :  below  the  external  angle 
of  the  eye.     Closes  the  eyelids. 


Figs.  17  and  18. — ^Motor  points  of  the  face. 

4.  Lbvatob  JjABu  stipbbiobis  ALMqjTE  NASI. — Motor  point :  over 
the  lower  border  of  the  nasal  bone.  The  action  is  indicated  by  its 
name. 

5.  Zyqomaticus  ma  job  and  minor. — Motor  point :  below  the 
lower  border  of  the  malar  bone,  behind  the  insertion  of  the  zygomatic 
process. 

Draw  the  labial  commissure  upwards  and  outwards. 

6.  OBBicuiiARis  ORIS. — Motor  points  :  two  distinct  points,  for  the 
upper  and  lower  parts  of  the  muscle,  above  and  below  the  labial 
commissure.  (During  the  examination  of  any  muscles  situated 
round  the  mouth,  the  latter  should  be  slightly  open.) 

1  Stimulation  of  the  frontalis  often  causes  phosphenes  or  giddiness. 
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sphincter  closing  the  lips. 

7.  Levator  menti. — Motor  point :  on  the  lower  border  of  the 
mandible,  just  outside  the  middle  line. 

Draws  the  lower  lip  downwards  and  forwards,  furrows  and  ex- 
pands the  chin. 

8.  Depbessor  labh  ustferiobis. — Motor  point :  lateral  to  the 
foregoing,  and  slightly  higher. 

Draws  the  lower  lip  downwards  and  outwards. 

9.  Depbessob  ANGX7LI  OBIS. — Motor  point :  inmiediately  above 
the  lower  border  of  the  mandible,  at  the  junction  of  the  posterior 
two  thirds  and  anterior  third  of  the  horizontal  ramus. 

Draws  the  labial  commissure  downwards  and  outwards  ;  antag- 
onises the  zygomaticus  major, 

10.  Platysma. — Motor  point :  below  and  slightly  anterior  to  the 
angle  of  the  mandible.  (It  is  important  to  differentiate  between 
contractions  of  this  muscle  and  those  of  the  stemo-mastoid.  Fot 
this  reason  the  electrode  is  only  applied  very  lightly  to  the  skin,  and 
not  pressed  deeply  into  it.) 

Stretches  the  skin  of  the  neck,  and  slightly  depresses  the  labial 
commissure. 

BircGiNATOB. — Motor  point :  within  the  mouth,  in  front  of  the 
anterior  border  of  the  masseter. 

This  muscle  draws  the  cheeks  inwards  and  the  labial  commissure 
outwards. 

MOTOR    POINTS    OF   THE    SPINAL    ACCESSORY   NERVE    AND 
CERVICAL  PLEXUS 

11.  Spinal  Accessory  Nerve  (extebnal  ramus). — Motor  point:  at 
the  upper  angle  of  the  supra-clavicular  triangle. 

Causes  contraction  of  the  stemo-cleido-mastoid  and  trapezius 
(clavicular  portion). 

12.  Stebno-cleido- MASTOID. — Motor  point :  at  the  jimotion  of 
the  upper  and  middle  third  of  the  muscle. 

Flexes  the  head,  bends  it  to  the  side  excited,  and  turns  the  fcice 
towards  the  opposite  side. 

13.  Tbapezius,  clavicular  part  (spinal  accesssory  nerve. — 
Motor  point :  on  the  anterior  border  of  the  muscle,  the  edge  of 
which  is  easily  felt,  and  towards  the  middle  of  its  clavicular  portion. 

Stimulation  of  the  clavicular  portion  bends  the  head  to  the  side 
stimulated,  and  slightly  backwards,  while  the  face  is  turned  towards 
the  opposite  side. 

14.  Middle  portion  (cervical  plexus). — Motor  point :  in  the 
vertebral  groove  towards  the  inner  angle  of  the  scapula.  Raises 
the  scapula. 
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15.  LowEB  PORTION  (CERVICAL  PLEXUS). — MotoT  point :  below  the 
foregoing,  at  the  level  of  the  hollow  of  the  axilla. 

Draws  the  scapula  towards  the  spine  and  carries  the  shoulder 
backwards. 

Rhomboids  (cervical  and  brachial  plexus). — v.  Brachial 
PLEXUS,  p.  40. 


MOTOR  POINTS  OF  THE  UPPER  LIMB 

(1)  Upper  Radicular  Group,  and  collateral  branches  of  the  Brachial 

Plexus 

16.  Erb*s  Point. — ^Two  or  three  cm.  above  the  clavicle,  slightly 
outside  the  lateral  border  of  the  stemo-mastoid,  opposite  the  trans- 
verse process  of  the  sixth  cervical  vertebra  (Chassaignac's  tubercle). 


Fig.  19. — Motor  points  of  the  shoulder  and  arm  (anterior  aspect). 

Stimulation  of  Erb's  point  causes  simultaneous  contraction  of  the 
four  muscles  of  the  Duchenne-Erb  group;  and  of  the  pectoraUs 
major  (Secretan,  Mme.  Klimipke).  In  total  radicular  paralyses  of 
the  superior  type,  stimulation  at  Erb's  point  gives  rise  to  no  con- 
traction whatever.  The  build  of  the  shoulder  sometimes  modifies 
the  situation  of  this  point  appreciably. 

17,  Deltoid. — Motor  points  :  on  the  anterior  surface  of  the 
muscle  approximately  in  the  upper  third ;  a  second  on  the  posterior 
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surface  at  the  same  level,  and  a  third,  stimulation  of  which  causes 
contraction  of  the  external  fasciculi. 

The  anterior  fasciculi  raise  the  arm  and  carry  it  forward,  the 
posterior  carry  it  backwards. 

18.  Musculo-cutaneous  Nerve. — Motor  point :  very  difficult  to 
find  and  to  isolate ;    the  electrode  must  be  pressed  very  firmly 


» 


Fig.  20, — Motor  points  of  the  shoulder  and  arm  (anterior  aspect). 

between  the  two  heads  of  the  biceps,  or  better  between  the  coraco- 
brachialis  and  the  biceps. 

Causes  contraction  of  the  biceps  and  brachiahs. 

19,  Biceps, — Motor  point:  slightly  below  the  antero-inferior 
border  of  the  deltoid. 

Flexes  and  supinates  the  forearm, 

20,  Brachialis. — Motor  point :  to  excite  this  muscle,  a  small  elec- 
trode must  be  insinuated  beneath  the  internal  border  of  the  biceps 
slightly  below  the  middle  of  the  arm,  care  being  taken  to  avoid 
the  median  nerve.     As  a  rule  it  is  very  difficult  to  isolate,  since  the 
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biceps  or  the  median  and  ulnar  nerves  respond  simultaneously  to 
the  stimulus  and  obscure  the  movement  produced.  It  is  sometimes 
easier  to  stimulate  outside  the  biceps,  between  this  muscle,  the 
triceps  and  the  upper  border  of  the  supinator  longus.  The  flexors 
of  the  forearm  must  be  kept  in  a  state  of  complete  relaxation. 

Flexes  the  forearm  on  the  arm. 

Supinator  longus  (see  motor  points  of  the  Radial  nerve). 

21.  Pectobalis  majob. — Motor  point :  above  and  lateral  to  the 
nipple  on  an  imaginary  line  prolonging  the  anterior  border  of  the 
hollow  of  the  axilla. 

Draws  the  arm  downwards  from  a  raised  position,  and  rotates  it 
internally. 

22.  Seebatus  MAGNUS. — Motov  points  :  each  digitation  has  a 
motor  point.  These  are  situated  in  the  anterior  part  of  the  axilla 
along  an  oblique  line  with  a  posterior  inclination  from  above  down- 
wards. Contraction  of  the  entire  muscle  can  be  obtained  by  stimu- 
lating the  nerve  to  the  eerratus  magnus,  which  can  be  effected  on 
the  thoracic  wall  near  the  apex  of  the  axilla,  the  arm  being  suitably 
raised  in  order  to  displace  the  pectoralis  major. 

Contraction  of  the  serratus  magnus  draws  the  scapula  forwards 
and  outwards. 

23.  Tebes  majob. — Motor  point :  this  muscle  connects  the  in- 
ternal border  of  the  scapula  with  the  inner  lip  of  the  bicipital  groove 
of  the  himaerus.  It  forms  part  of  the  posterior  wall  of  the  axilla. 
Its  motor  point  shoxild  therefore  be  looked  for  on  the  posterior 
wall  of  the  axilla,  near  the  apex  of  the  latter.  This  muscle  is  difficult 
to  isolate. 

It  adducts  the  hmnerus  and  raises  the  point  of  the  shoxilder. 

24.  SupBASPiNATUs. — Motor  point :  in  the  external  angle  of  the 
supraspinous  fossa. 

This  muscle  lies  beneath  the  trapezius  and  can  only  be  stimulated 
with  great  difficulty.  It  is  only  accessible  when  the  trapezius  is 
atrophied. 

25.  Inpbaspinatus  and  tebes  MiNOE. — Motor  point :  the  pos- 
terior border  of  the  deltoid  and  the  external  border  of  the  trapezius 
on  separation  bound  a  triangular  aperture,  the  base  of  "which  is 
formed  by  the  latissimus  dorsi  :  it  is  through  this  aperture  that  the 
infraspinatus  and  teres  minor  are  stimulated. 

Rotate  the  arm  externally. 

26.  Latissimus  dorsi. — Motor  point :  on  the  posterior  wall  of  the 
axilla,  between  the  scapula  and  the  thoracic  wall ;  it  adducts,  ex- 
tends, and  internally  rotates  the  humerus,  draws  the  scapula  inwards 
towards  the  middle  line,  and  the  shoulder  downwards. 

27.  Rhombo^t^?. — Motorpoint :  these  muscles  can  be  stimulated  in 
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the  triangle  boimded  by  the  lower  border  of  the  trapezius,  the 
vertebral  border  of  the  scapula,  and  the  upper  border  of  the  latissi- 
mus  dorsi. 

Raises  the  internal  angle  of  the  scapula  and  draws  it  towards 
the  spine,  rotating  it  on  the  external  angle  of  the  bone. 

(2)    Median  and  Ulnar  Nerves 

28.  Median  Nerve. — Motor  points  :  in  the  arm,  along  the  internal 
border  of  the  biceps,  but  as  a  rule  simultaneous  excitation  of  the 
ulnar  and  musculo-cutaneous  cannot  be  avoided  while  stimulating 
at  this  point ;  at  the  elbow,  in  the  flexion  fold  medial  to  the  biceps 
tendon  ;  at  the  wrist,  at  the  level  of  the  flexion  folds  between  the 
tendons  of  the  palmaris  longua  laterally  and  the  palmaris  brevis 
medially. 

Stimulation  at  the  elbow  causes  forcible  pronation  of  the  forearm, 
with  flexion  and  closing  of  the  hand  (flexion  of  the  fingers,  opposition 
of  the  thumb) ;  at  the  wrist,  stimulation  causes  abduction  of  the 
hand  and  opposition  of  the  thumb. 

29.  Pai^maris  longus. — Motor  point :  in  the  upper  third  of  the 
muscle,  on  the  ulnar  border  of  its  fleshy  portion. 

Flexes  the  hand. 

30.  Pronatob  tebes. — Motor  point :  on  its  external  border  in 
the  upper  third. 

Causes  pronation  of  the  hand. 

31.  FiiExoB,  DiGiTORTJM  suBUMis. — Motor  points  :  flexion  of  the 
last  two  fingers  can  be  obtained  by  stimulation  at  a  point  towards 
the  middle  of  the  forearm,  medial  to  the  tendon  of  the  palmaris 
longus.  The  point  for  the  flexor  of  the  index  is  in  the  lower  third 
of  the  forearm,  slightly  within  the  middle  line ;  and  just  medial  to 
this  is  the  point  for  the  middle  finger. 

Flexes  the  second  phalanges  of  the  four  last  fingers. 

32.  Flexor  digitobum  profundus. — Motor  point :  difficult  to 
find  ;  separate  stimulation  almost  impossible  ;  in  the  middle  of  the 
forearm,  between  the  palmaris  longus  and  flexor  carpi  ulnaris, 
towards  the  inner  surface  of  the  ulna. 

Flexes  the  terminal  phalanx  of  the  last  four  fingers. 

33.  Abductor  poiiUCis  brevis. — In  fig.  25  the  electrode  is  shown 
on  the  motor  point  of  this  muscle.  It  will  be  observed  that  this 
point  is  proximal  and  lateral,  on  the  outer  border  of  the  thenar 
eminence,  close  to  the  dorsal  surface  of  the  hand. 

Carries  the  thumb  forwards  and  inwards. 

34.  Flexor  pollicis  bbevis. — Motor  point :  towards  the  internal 
border  of  the  thenar  eminence.     It  should  not  be  forgotten  that 
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this  muscle  consists  of  two  parts,  one  supplied  by  the  median,  and 
the  other  by  the  ulnar  nerve. 

Draws  the  thimib  inwards  and  forwards,  and  slightly  rotates  the 
first  metacarpal  in  its  long  axis. 

35.  Opponbns  POiiLicis. — Motor  point :  slightly  proximal  and 
medial  to  the  foregoing. 

The  three  muscles  of  the  thenar  eminence  should  be  stimulated 


I 


Figs.  23  and  24. — ^Motor  points  of  the  forearm  (anterior  aspect). 

^Hpith  a  very  small  electrode,  such,  for  instance,  as  that  used  for  the 
^Hnuscles  of  the  face. 

^H  36.  Ulnar  Nerve. — In  the  arm  :  to  avoid  simultaneous  stimulation 
^^B>f  the  median,  the  electrode  should  be  appUed  about  two  fingers' 
^^Hbreadths  above  the  epicondyle. 

At  the  elbow  :    the  electrode  is  pressed  into  the  epitrochlear- 
olecranal  sulcus. 
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At  the  wrist :  above  the  skin-folds  and  immediately  lateral  to 
the  tendon  of  the  flexor  carpi  nlnaris. 

Stimulation  at  the  elbow  produces  ulnar  contraction  of  the  fingers 
and  flexion  and  adduction  of  the  hand.  Stimulation  at  the  wrist 
draws  the  hand  medially,  and  causes  flexion  of  the  three  la>st  fingers 
and  adduction  of  the  thumb. 

37.  FiiExoB  CABPi  uiiNABis. — MotoT  potut :  two  fingers'  breadths 
below  the  internal  epicondyle. 

Flexes  and  adducts  the  hand. 

38.  Abdxjctob  minimi  digiti. — Motor  point :  on  the  ulnar  border 


Figs.  25  and  26. — ^Motor  points  of  the  hand  (palmar  aspect). 


of  the  hand,  towards  the  middle  of  the  hypothenar  eminence  (in 
temal  to  the  pisiform). 

Abducts  the  last  finger  from  the  long  axis  of  the  hand. 

39.  Flexob  beevis  minimi  digiti. — Motor  point :  in  the  centre  of 
the  h3Tpothenar  eminence  (internal  to  the  foregoing,  and  immediately 
distal  to  the  hook  of  the  unciform  bone). 

Flexes  the  last  phalanx  of  the  little  finger  and  extends  the  two 
other  phalanges. 

40.  Opponens  minimi  digiti. — Motor  point :  slightly  below  and 
external  to  the  foregoing  ;  difficult  to  isolate. 

41.  Addijctob  poiiiicis. — Motor  point :  on  the  internal  side  of 
the  first  metacarpal  space  (palmar  aspect). 

Abducts  the  first  metacarpal  and  flexes  the  first  phalanx. 
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42.  Dorsal  interossei. — Motor  points  :  at  the  distal  ends  of  the 
inter-metacarpal  spaces  on  the  dorsum  of  the  hand. 

Flex  the  first  phalanx  and  extend  the  two  others.  A  more  char- 
acteristic movement,  however,  is  approximation  of  the  two  fingers 
adjacent  to  the  interosseous  space  where  the  stimulus  is  applied. 

(3)  Radial  Nerve 

43.  Radial  Nerve. — The  point  for  stimulation  is  often  difficult  to 
fijad.  In  order  not  to  miss  it  a  line  should  be  imagined  drawn  from 
the  middle  of  the  posterior  border  of  the  deltoid  V  to  the  epicondyle. 
This  line  corresponds  to  the  inter-muscular  septum.  In  an  adult 
a  distance  of  approximately  10  cm.  above  the  epicondyle  is  measured. 
This  point  is  between  the  outer  head  of  the  triceps  and  the  brachialis, 
above  the  first  insertions  of  the  supinator  longus,  at  the  point  where 
the  radial  nerve  perforates  the  septum. 

It  is  well  to  use  a  fairly  small  electrode,  which  can  be  pressed 
deeply  in  between  the  brachialis  and  the  most  anterior  fasciculi 
of  the  outer  head  of  triceps.  The  radial  may  also  be  stimulated  in 
the  axilla,  but  it  is  difficult  to  avoid  exciting  other  nerves  in  this 
region.  In  common  radial  paralyses,  stimulation  at  this  point  may 
give  rise  to  a  false  interpretation  of  the  electrical  reactions.  Con- 
ductivity being  interrupted  below  the  point  of  pressure,  faradic 
stimulation  in  the  axilla  only  causes  contractions  in  the  triceps 
(the  nerve  to  which  rises  above  this  point),  and  not  in  the  extensors. 
When  the  electrode  is  applied  on  the  hmneral  point,  the  latter 
muscles  will  be  observed  to  respond  to  stimulation. 

44.  Triceps. — Motor  points  :  for  the  long  head,  over  this  part  of 
fthe  muscle,  in  its  upper  third. 

For  the  outer  head  :  in  the  lower  third  of  the  external  aspect  of 
[the  arm. 

For  the  inner  head  :  in  the  centre  of  the  internal  aspect  of  the 

The  triceps  is  the  extensor  of  the  forearm. 

46.  Supinator  lonqxjs. — Motor  point :  on  the  anterior  border  of 
le  muscle,  in  the  skin-fold  at  the  elbow. 
Flexes  the  forearm  in  semi-pronation. 

46.  Extensor  carpi  ulnaris. — Motor  point :  on  the  internal 
[border  of  the  ulna  in  its  upper  third,  slightly  below  the  olecranon. 

This  muscle  extends  the  wrist  and  draws  the  hand  inwards. 

47.  Extensor  carpi  radialis  longior, — Motor  point :  on  the 
[upper  and  outer  part  of  the  dorsal  aspect  of  the  forearm. 

Extends  the  wrist  and  draws  the  hand  outwards. 

48.  Extensor  minimi  digiti, — Motor  point :  slightly  distal  and 
lateral  to  the  point  for  the  extensor  carpi  ulnaris. 


II 
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49.  Extensor  digitorum  communis. — Motor  point :  in  the  upper 
third  of  the  dorsal  aspect  of  the  forearm. 

An  electrode  of  considerable  size  is  required  for  stimulating  all 
parts  of  the  muscles  simultaneously.     Each  can  always  be  stimu- 


FiGS.  27  and  28. — Motor  pointsof  theforearm  and  hand  ( dorsal  aspect). 


lated  separately  if  it  is  remembered  that  the  points  for  the  middle 
and  index  fingers  are  situated  at  the  same  level  as  the  extensor  of 
the  little  finger,  and  lateral  to  it,  and  those  for  the  ring  finger  a 
finger's  breadth  above  and  slightly  external  to  the  latter. 

This  muscle  extends  the  first  phalanx  on  the  metacarpal,  and 
the  hand  on  the  forearm. 
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50.  ExTENsoB  iNDicis  PKOPBius. — Motov  point :  on  the  external 
border  of  the  uhia,  in  its  lower  third. 

51.  Extensor  pollicis  longus. — Motor  point :  in  the  middle  of 
the  dorsal  aspect  of  the  forearm,  four  fingers'  breadths  above  the 
line  of  articulation  of  the  wrist.  The  electrode  is  pressed  firmly  on 
this  point. 

52.  Abductor  pollicis  longus. — Motor  point :  on  the  external 
border  of  the  radius,  where  the  muscle  forms  a  prominence. 

53.  Extensor  pollicis  brevis. — Motor  point :  slightly  to  the 
inner  side  of  and  below  that  for  the  abductor  longus. 

Extends  the  first  phalanx  of  the  thumb  on  the  metacarpal  and 
abducts  the  thimib. 


MOTOR  POINTS  OF  THE  LOWER  LIMB 
(1)  Anterior  Crural  Nerve 

54.  Anterior  Crural  Nerve. — The  point  for  this  nerve  is  below  and 
slightly  internal  to  the  middle  point  of  the  inguinal  ligament. 

Stimulation  causes  forcible  extension  of  the  leg  on  the  thigh. 

55.  Sartorius. — Motor  point :  in  the  upper  third  of  the  muscle 
or  towards  the  middle. 

Stimulation  does  not  usually  produce  the  physiological  movement 
of  flexion  of  the  thigh  on  the  pelvis,  of  the  leg  on  the  thigh,  and 
lateral  rotation  of  the  thigh.  It  is  sufficient  to  detect  contraction 
of  the  muscle  beneath  the  skin. 

56.  Rectus  femoris. — Motor  point :  slightly  above  the  middle  of 
the  anterior  surface  of  the  thigh. 

Extends  the  knee,  and  draws  the  patella  upwards. 

57.  Vastus  internus. — Motor  point :  to  the  inner  side  of  the 
inner  border  of  the  rectus  femoris,  four  fingers'  breadths  above  the 
patella. 

Draws  the  patella  upwards  and  inwards. 

58.  Vastus  externus. — Motor  point :  lateral  to  the  external 
border  of  the  rectus  femoris,  and  slightly  higher  than  that  of  the 
preceding  muscle. 

Draws  the  patella  upwards  and  outwards. 


(2)  Obturator  Nerve 


l^f  69.  Obturator  Nerve. — This  nerve  can  be  stimulated  at  its  exit 
from  the  obturator  foramen  by  applying  an  electrode  perpendicu- 
larly to  the  horizontal  ramus  of  the  pubis. 
Stimulation  causes  adduction  of  the  thigh. 
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60.  Adductor  magi^cts. — Motor  point :  in  the  upper  third  of  the 
internal  aspect  of  the  thigh  behind  the  median  line. 

Causes  adduction  and  inward  rotation  of  the  thigh. 

61.  Gracilis. — Motor  point :  on  the  internal  surface  of  the  thigh 
on  the  median  line  towards  its  upper  third. 

Flexes  the  leg. 


•36 


58- 


Fios  .  29  and  30. — ^Motor  points  of  the  thigh  (anterior  aspect). 


(3)  Seiatic  Nerv« 


62.  Sciatic  Nerve. — Point  for  stimulation :  below  the  gluteal  fold, 
slightly  nearer  to  the  tuber  ischii  than  to  the  great  trochanter. 
Stimulation  is  difficult  in  fat  subjects. 

Causes  flexion  of  the  leg  on  the  thigh  and  extension  of  the  foot. 

63.  Biceps  femoris. — Motor  point :  in  the  middle  of  the  posterior 
aspect  of  the  thigh,  slightly  lateral  to  the  median  line. 

Only  a  twitch  of  the  muscle  can  usually  be  produced. 
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64.  Semi-membranosus. — Motor  point :  towards  the  middle  of  the 
thigh,  slightly  to  the  inner  side  of  the  preceding. 
Only  a  twitch  is  produced. 
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[Gs.  31  and  32. — Motor  points  of  the  leg  (antero -lateral  region). 

(4)  External  Popliteal  Nerve 

66.  External  Popliteal  Nerve. — This  nerve  can  very  readily  be 
excited  behind  the  head  of  the  fibula  as  it  winds  round  the  neck  of 
that  bone. 

Stimulation  causes  flexion  of  the  foot  on  the  leg. 

66.  TiBiAus  ANncus. — Motor  point :  immediately  lateral  to  the 
crest  of  the  tibia,  2,  3,  or  4  cm.  below  the  proximal  extremity  of  that 
bone.     In  fig.  31  the  electrode  is  on  this  point. 

Flexes  the  foot  and  elevates  its  internal  border. 

67.  ExTENsoB  DiGiTOBUM  LONGus. — Motor  point :  lateral  and 
slightly  distal  to  that  of  the  preceding  muscle. 
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Flexes  the  foot  and  extends  the  first  phalanges  of  the  toes. 

68.  Peroneus  longtjs. — Motor  point :  below  the  head  of  the 
fibula,  and  consequently  lateral  to  the  foregoing,  but  almost  in  the 
same  horizontal  line,  or  slightly  above  it.  (It  should  be  remembered 
that  stimulation  of  this  muscle  lateral  to  its  motor  point  often  gives 
rise  to  inversion  of  the  formula.) 


Fios.  33  luid  34. — ^Motor  points  of  lower  limb  (posterior  aspect). 


Draws  the  internal  border  of  the  foot  downwards  and  the  plantar 
surface  of  the  foot  outwards. 

69.  Pbbonbus  bbevis. — Motor  point :  at  the  junction  of  the 
middle  and  lower  third  of  the  leg,  in  a  vertical  line  through  the 
preceding  point. 

Causes  slight  abduction  of  the  foot. 
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70.  Extensor  proprius  hallucis. — Motor  point :  between  tho 
tendons  of  the  extensor  communis  and  tibialis  anticus,  close  to  the 
crest  of  the  tibia,  in  the  lower  third  of  the  leg. 

Extends  the  first  phalanx  of  the  great  toe. 

71.  Extensor  brevis  digitorum. — Motor  point :  below  and  in 
front  of  the  external  malleolus. 

Extends  the  toes. 

(5)  Internal  Popliteal  Nerve 

72.  Internal  Popliteal  Nerve. — Point  for  stimulation  :  towards  the 
middle  of  the  popliteal  space,  slightly  lateral  to  the  middle  line  and 
below  the  flexion  fold  of  the  skin. 

Stimulation  causes  extension  of  the  foot  on  the  leg  aad  flexion 
of  the  toes. 

73.  Posterior  Tibial  Nerve. — The  point  for  this  nerve  is  behind 
the  instep,  on  the  inner  side,  and  the  tendo  achillis,  where  the 
plantar  muscles  may  be  stimulated.  For  convenience,  the  leg 
should  be  flexed,  and  the  patient  should  lie  with  the  lateral  surface 
of  the  foot  flat  on  the  couch. 

74.  Gastrocnemius,  inner  head. — Motor  point :  in  the  upper 
part  of  the  calf,  towards  the  internal  border  of  the  muscle. 

Extends  the  foot  on  the  leg. 

75.  Gastrocnemius,  outer  head. — Motor  point :  in  the  upper 
part  of  the  calf,  towards  the  external  border  of  the  muscle. 

Same  action. 

76.  SoLEUs. — Sometimes  acceaaihle  on  the  outer  and  inner  side 
of  the  leg,  where  the  muscle  emerges  from  beneath  the  gastro- 
cnemius. 

Extends  the  foot. 

Flexor  longus  hallucis. — Motor  point :  immediately  lateral  to 
the  tendo  achillis,  5  or  6  cm.  above  the  external  malleolus. 

Flexor  longus  digitorum. — Motor  point :  on  the  internal  bor- 
der of  the  tibia,  adjacent  to  the  internal  border  of  the  tendo  achillis. 


CHAPTEK  II 
abnormal  electrical  reactions 

1.    Elementary  Abnormal  Reactions 

In  a  number  of  affections  of  the  central  and  peripheral 
nervous  system,  the  electrical  reactions  vary  more 
or  less  from  the  normal.  The  study  of  these  patho- 
logical modifications  of  the  electrical  reactions  being  a 
complex  one,  we  shall  deal  in  the  first  place  with  the 
various  elementary  modifications  which  may  be 
encoimtered.  We  will  first  examine  the  way  in  which 
these  are  grouped  in  different  pathological  conditions. 

These  elementary  modifications  may  be  quanti- 
tative or  qualitative. 

1.  Quantitative  Modifications. — Evidence  of  diminu- 
tion in  excitability  of  a  nerve  or  muscle  by  the  faradic 
current  is  afforded  by  an  appreciable  increase  in  the 
strength  of  current  required  for  a  threshold  stimulus. 
If,  for  instance,  the  faradic  coil  has  to  be  moved  up 
to  Division  6  to  give  the  threshold  in  an  affected 
muscle,  while  the  liminal  stimulus  for  a  normal 
muscle,  with  the  same  apparatus,  is  usually  given  at 
Division    10,   diminution   in   faradic   excitability,   or 
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faradic  hypo-excitability ,  may  be  deduced.  On  the 
other  hand,  if  in  another  case  an  approximation  of 
the  coils  corresponding  to  the  minimal  contraction 
in  a  healthy  subject,  causes  relatively  energetic  con- 
traction of  a  muscle,  increase  in  excitability  will  be 
deduced,  or  faradic  hyper-excitability  of  this  muscle. 

Diminution  of  excitability  sometimes  takes  the 
form,  not  of  requiring  a  stronger  current  in  order 
to  give  the  threshold,  but  of  a  reduced  amplitude  of 
the  maximal  contraction,  as  compared  with  a  healthy 
muscle. 

In  some  circumstances  the  diminution  of  excita- 
bility is  such  that  with  maximum  approximation  of 
the  secondary  coil,  the  muscle  examined  gives  no 
response  whatever  to  faradic  stimulation.  Con- 
traction may  then  sometimes  be  produced  by  sub- 
stituting a  secondary  coil  giving  a  current  of  higher 
tension  (finer  winding).  If  this  is  ineffectual,  bipolar 
stimulation  should  be  tried.     If,  however,  stimulation 

Iiy   the   bipolar    method,    with    the   strongest    high 
Bnsion     current    which    the    patient    can    endure, 
auses    no    contraction,   it    may   be   concluded    that 
^the  muscle  is  inexcitable  by  the  faradic  current,  and 
^^phat  faradic  excitability  is  abolished :  this  phenomenon 
is  sometimes  known  as  Duchenne^s  reaction. 

Dubois  (of  Berne)   has  very  justly  observed  that 

.^jauscles  which    have  been    regarded  as    inexcitable 

l^^fy  the  strongest  tetanising  faradic  current  sometimes 

respond  to  single  indttction  shocks.     This  peculiarity 

should  be  remembered,  for  although  it  indicates  a 
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great  diminution  of  excitability,  it  shows  that  the 
latter  is  not  entirely  absent. 

With  the  galvanic  current,  according  as  the  minimal 
appreciable  contraction  is  obtained  with  a  stronger 
or  weaker  current  than  in  the  normal  state,  galvanic 
hypo-  or  hyper-excitability  of  the  nerve  or  muscle 
concerned  will  be  deduced  as  in  the  preceding  case. 

We  shall  also  deduce  abolition  of  galvanic  excita- 
bility when,  in  an  examination  conducted  with  each 
pole  successively,  the  gradual  increase  of  the  intensity 
of  the  current  within  the  limits  of  endurance  gives 
no  semblance  of  a  contraction. 

Causes  of  Error. — (1)  Hyper-excitability  may  be 
merely  apparent  in  thin  subjects  whose  nerves  and 
muscles  are  immediately  beneath  the  skin,  or  in 
patients  with  such  anomalies  in  the  situation  of  the 
nerves  as  unusual  superficiality,  which  renders  them 
more  accessible  to  stimuli. 

(2)  Hyper-excitability  and  hypo-excitability  of 
nerves  and  muscles  may  be  merely  apparent,  in  that 
quantitative  variations  from  the  normal  are  due,  not 
to  a  modification  of  excitability,  but  to  an  unusually 
high  or  low  degree  of  resistance  in  the  skin. 

In  forming  conclusions  as  to  alterations  in  faradic 
and  galvanic  excitability,  the  condition  of  the  skin 
should  therefore  be  taken  into  account,  since  the 
skin  acts  as  an  additional  resistance  in  the  way  of  the 
current.  Variations  in  its  conductivity  cause  variations 
in  the  threshold.  Now,  as  trophic  cutaneous  dis- 
orders are  included  in  the  manifestations  of  many 
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affections  of  the  central  and  peripheral  nervous 
system,  and  since  these  disorders  alter  the  resistance 
of  the  skin,  it  will  be  understood  that  this  accounts 
for  endless  erroneous  conclusions.  Thus  a  very 
resistant  skin  may  conceal  increased  excitability,  and 
similarly,  the  coexistence  of  a  slight  hyper-excitability, 
with  a  somewhat  diminished  skin  resistance,  will 
simulate  very  pronounced  hyper-excitability. 

Amongst  the  causes  which  reduce  skin  resistance 
and  are  liable  to  suggest  increased  excitability,  we 
should  mention  thinning  of  the  stratum  corneum,  a 
moist  condition  of  the  skin,  a  reduction  in  the  sub- 
cutaneous layer  of  fat,  and  all  other  causes  by  which 
the  distance  between  the  nerves  and  muscles  and 
the  electrode  may  be  reduced.  On  the  other  hand, 
scleroderma,  hyperkeratosis,  dryness  of  the  tissues, 
vaso-motor  disorders,  and  a  lowered  temperature, 
increase  the  resistance  ;  similarly,  lubricants  used  for 
massage  (talc  or  fat),  which,  finding  their  w^ay  into 
the  glandular  ducts,  produce  similar  effects. 

These  alterations  in  the  conductivity  of  the  skin 
render  the  detection  of  slight  modifications  of  excita- 
bility a  matter  of  great  delicacy. 
I    2.  Qualitative     Modifications. — The     following     may 
be  encountered : 

(1)  Inversion  of  the  normal  formula. 

(2)  Slowness  of  contraction. 

(3)  Galvanotonic  contraction. 

(4)  Myotonic  contraction. 

(5)  The  longitudinal  reaction. 
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Inversion  of  the  Formula. — In  the  normal  state, 
in  stimulation  of  a  nerve  or  muscle  with  the  galvanic 
current,  the  production  of  the  anodal  contraction 
(ACC)  always  requires  a  stronger  current  than  that 
necessary  for  producing  the  kathodal  contraction 
(KCC). 

In  the  pathological  state,  this  relation  may  be 
modified,  and  the  anodal  contraction  may  be  obtained 
with  an  equal  or  smaller  number  of  milliamperes  than 
that  required  for  producing  the  kathodal  contraction. 
We  say,  then,  that  there  is  polar  equality  (KCC  = 
ACC)  if  the  two  contractions  are  first  appreciable  with 
the  same  number  of  milliamperes,  and  inversion  of 
the  normal  formula  (ACC>  KCC),  if  ACC  is  produced 
with  a  weaker  current  than  KCC. 

The  same  modifications,  polar  equality  and  inver- 
sion, may  appear  in  the  relations  of  the  opening 
contractions ;  that  is  to  say,  the  formula  may  become 
AOC  =  KOC  or  KOC  >  AOC,  in  contradistinction  from 
what  is  found  in  the  normal  state.  In  practice, 
however,  the  opening  contractions  are  only  rarely 
investigated,  since  the  changes  in  the  closing  con- 
tractions usually  indicate  the  elementary  reaction  of 
inversion  with  sufficient  distinctness. 

This  reaction  of  inversion  is  also  sometimes  described 
as  Erh's  reaction^  after  the  author  who  was  the  first 
to  study  it  completely. 

In  a  precise  and  detailed  examination,  the  degrees 
of  intensity  corresponding  respectively  to  the  minimal 
contractions  KCC  and  ACC  should  always  be  measured. 
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Care  should  be  taken  to  note  the  degree  of  intensity 
determined  for  each  muscle,  thus  furnishing,  for  the 
purposes  of  later  examinations,  a  record  useful  as  a 
basis  for  comparison,  and  to  decide  from  this  whether 
the  inversion  is  becoming  more  pronounced,  or  whether, 
on  the  other  hand,  the  anomaly  is  tending  to  disappear. 

Causes  of  Error. — (1)  It  should  not  rashly  be  con- 
cluded that  polar  equality  or  inversion  is  present 
when  these  anomalies  are  observed  with  a  current 
of  any  indefinite  intensity.  The  experiments  of 
Chauveau  and  Boudet,  which  we  have  already  des- 
cribed, show  that  in  animals,  with  increasingly  strong 
currents,  the  contraction  ACC  becomes  first  equal 
to,  and  finally  greater  than,  the  KCC.  This  pheno- 
menon can  scarcely  be  demonstrated  in  man  in  the 
normal  condition,  on  account  of  the  difficulty  in  using 
currents  of  sufficient  strength.  On  the  other  hand, 
this  particular  inversion  is  not  infrequently  observed 
in  the  pathological  state.  It  is  distinguishable  from 
jtrue  inversion  in  that,  contrary  to  the  latter,  it  is 
[not  produced  at  the  threshold.  Whereas  in  true 
^inversion  the  AC  contraction  is  given  when  the  KC 
[stimulus  gives  no  response,  in  inversion  associated  with 
Chauveau' s  phenomenon,  it  is  merely  that  the  force 
of  the  AC  contraction  is  greater  than  that  of  the 
KC  contraction. 

Inversion  at  the  threshold  is  also  relatively  less 
common,  and  we  believe  that  it  has  a  much  more 
definite  and  important  significance.  The  inversion 
associated  with  Chauveau' s  phenomenon  may  indicate 
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a  pathological  condition,  or  a  variation  of  excitability, 
but  inversion  at  the  threshold  is  evidence  of  serious 
and  far-reaching  disorder  in  the  structure  of  the 
muscle. 

(2)  Inversion  is  usually  associated  with  slowing  of 
the  contraction.  It  may,  however,  be  observed  in 
the  normal  state,  with  lively  contraction,  in  perfectly 
healthy  muscles.  Those  most  frequently  presenting 
this  anomaly  are :  supinator  longus,  the  deltoid,  the 
inner  head  of  triceps,  the  abductor  digiti  quinti,  and 
first  interosseous,  in  the  upper  limb  ;  the  gluteals, 
the  vastus  internus,  peroneus  longus,  and  the  gastro- 
cnemius, in  the  lower  limb. 

Inversion  of  the  formula  in  these  cases  results  from 
incorrect  placing  of  the  testing  electrode,  its  applica- 
tion outside  the  point  of  election,  or  the  use  of  an 
electrode  of  too  large  dimensions  relative  to  the 
muscle  tested.  A  slight  alteration  in  its  position, 
by  1  cm.,  for  instance,  is  often  sufficient  to  reproduce 
the  normal  reaction. 

This  false  inversion  is  easily  explained  by  reference 
to  Pfliiger's  law  of  the  origin  of  stimulation. 

With  the  electrode  in  a  wrong  position,  the  KG 
stimulus  faUs  on  a  point  of  lower  excitability  than  the 
motor  point.  At  anodal  closure,  however,  the  stimulus 
from  the  indifEerent  pole  arrives  at  the  extremity  of 
the  muscle,  and  there  creates  a  virtual  pole  which 
may  be  of  high  density,  and  may  act  on  a  more 
excitable  region  than  that  over  which  the  electrode 
is  placed. 
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(3)  If  the  intensity  of  the  threshold  of  KCC  is  noted 
in  milliamperes,  and  that  of  the  threshold  of  ACC 
immediately  afterwards,  equal  values  may  be  obtained, 
or  the  ACC  may  even  be  given  with  a  lower  intensity. 
Here  again  polar  equality  or  inversion  may  be  only 
apparent.  The  passage  of  the  current  giving  the 
KCC,  while  the  instrument  is  being  read,  lowers  the 
resistance  of  the  organism.  The  AC  stimulus  follow- 
ing the  KC  is  therefore  passing  through  a  less  resistant 
circuit,  and  will  consequently  require  an  equal  or 
smaller  number  of  milliamperes. 

The  anomaly  disappears  if  the  values  are  read 
only  after  a  number  of  closures  with  each  pole  al- 
ternately. 

(4)  Examinations  carried  out  without  the  help  of  a 
double  key  may  also  reveal  an  apparent  inversion. 

The  passage  of  the  current  at  the  moment  of 
kathodal  closing  produces  a  polarisation  current  in 
the  tissues  which  is  antagonistic  to  the  current  pro- 
ducing it.  If  this  be  followed  rapidly  by  an  anodal 
closing  stimulus,  the  strength  of  the  latter  is  increased 
by  that  of  the  polarisation  current,  and  the  AC  con- 
[traction,  produced  by  a  current  of  greater  intensity, 
[becomes  equal  to,  or  more  forcible  than,  the  KC 
[contraction. 

This  source  of  error  is  obviated  by  the  use  of  a 
louble    key.     The    polarisation    current    is     short- 
[circuited  though  this  instrument  at  the  moment  of 
jlease  of  either  key  (see  p.  9). 
Slowing    of    the    Contraction. — It    is    essential    in 
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electro-diagnosis  to  observe  the  nature  of  a  muscular 
response. 

The  contraction,  which  is  normally  short,  sharp, 
and  of  lightning  rapidity,  may  undergo  changes  in 
form,  more  commonly  becoming  slowed,  or  definitely 
slow,  sluggish,  and  vermicular.  A  more  or  less  diffuse 
wave  in  the  muscle  can  be  observed  beneath  the  skin, 
and  the  contraction  suggests  somewhat  the  creeping 
movement  of  an  earthworm. 

This  anomaly  was  discovered  by  Remak. 

The  slowness  of  the  contraction  is  sometimes 
difficult  to  detect,  particularly  when  it  is  not  pro- 
nounced :  in  such  difficult  cases,  an  indisputably 
healthy  muscle  in  the  same  subject  should  be  used 
as  a  means  of  comparison. 

The  slowness  is  almost  always  more  marked  in  the 
AC  contraction  than  in  the  KC.  In  cases  where  it  is 
slight,  it  may  even  be  completely  absent  in  KCC, 
which  remains  characteristically  lively,  and  only  be 
evident  in  ACC. 

In  other  cases,  slow  contractions  become  progres- 
sively more  rapid  as  the  examination  proceeds.  Such 
phenomena  are  associated  with  partial  reaction  of 
degeneration. 

Slowness  of  contraction  is  not  peculiar  to  galvanic 
excitation.  It  is  often  similarly  observed  in  faradic 
excitation,  when  excitability  to  this  form  of  current  is 
retained. 

Analysis  of  the  slow  contraction  by  means  of  the 
graphic    method,    and    comparison    with    a    normal 
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tracing,  show  that  slowing  occurs  in  all  the  different 
stages  of  the  contraction  ;  the  latent  period  is  length- 
ened, the  upstroke  of  the  shortening  period  is  less 
abrupt,  and  the  lever  remains  at  this  height  for  some 
time,  whereas  a  normal  myographic  curve  exhibits  a 
sharp  apex  (fig.  36).  Lastly,  the  period  of  relaxation 
is  prolonged,  particularly  towards  the  end.  It  should 
be  noted  that  it  is  always  in  this  last  stage,  that  of 
relaxation,  that  slowing  is  most  pronounced  and 
characteristic. 

Larat's  suggestion  that  the  nature  of  a  contraction 
should  always  be  recorded  in  this  way,  is  certainly 
attractive,  since  it  would  afford  permanent  records, 
and  facilitate  comparisons  of  great  value  in  deter- 
mining the  evolution  of  muscular  changes.  Unfor- 
tunately an  electro-diagnostic  examination  is  already 
a  lengthy  process,  and  it  is  hardly  to  be  expected 
that  electrologists  will  acquiesce  in  a  complication  in 
technique  when  its  purpose  can  always  be  served  by 
a  careful  examination. 

Causes  of  Ereor. — Sources  of  error  in  estimating 
rapidity  of  contraction  will  be  studied  in  connection 
with  the  reaction  of  degeneration  (see  p.  77). 

Galvanotonic  Contraction. — We  have  seen  that,  in 
the  normal  state,  a  relatively  strong  current  applied 
to  a  nerve  causes  at  kathodal  closure,  either  a  single 
forcible  contraction  or  a  prolonged  or  "  tetanic " 
contraction,   which   is,   more   correctly,   called   tonic. 

I  This    continues    while    the    current   is   passing,   and 
ceases  at  the  break. 
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This  galvanotonic  contraction  is  easily  obtained 
by  stimulation  of  the  nerve,  but  almost  impossible  to 
produce  over  the  muscle,  in  the  normal  state.  But 
in  the  pathological  condition  it  may  be  obtained 
with  relatively  low  intensities.  Erb,  who  first  dis- 
covered this,  observed  that,  in  the  reaction  of  degenera- 
tion, the  slow  contraction  sometimes  assumed  the 
character  of  a  tetanus,  and  continued  \mtil  the 
circuit  was  broken.  Since  then  it  has  frequently 
been  observed  by  Huet,  Delherm,  Bourguignon,  and 
by  the  authors. 

It  does  not  usually  occur  when  the  muscle  is  stimu- 
lated indirectly  through  the  nerve,  when  the  latter 
retains  its  excitability,  but  on  direct  stimulation  of 
the  muscle  at  the  motor  point.  Sometimes  it  charac- 
terises the  entire  contraction,  which  is  tonic  from 
the  outset.  Sometimes  it  follows  a  slowly  initiated 
contraction,  which  is  thus  succeeded,  not  by  complete 
relaxation,  but  by  a  continuous  state  of  contraction, 
relaxation  only  occurring  when  the  circuit  is  broken. 

In  general  it  is  more  obvious  with  the  anodal  than 
with  the  kathodal  stimulus. 

It  is  most  readily  detected  by  stimulation  in  the 
neighbourhood  of  the  tendon  (longitudinal  excitation), 
rather  than  at  the  motor  point  (the  kathodal  elec- 
trode being  over  the  tendon). 

The  peculiar  feature  of  this  galvanotonic  contraction 
is  that  its  duration  coincides  with  that  of  the  current* 
It  ceases  when  the  circuit  is  broken.  For  this  reason  it 
has  been  called  temporary  galvanotonic  contraction, 
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in    distinction    from    permanent    galvanotonic    con 
traction,  which  persists  after  cessation  of  the  stimulus, 
an  important  characteristic  of  the  myotonic  reaction 
(Thomson's  disease). 

Permanent  Galvanotonic  Contraction  difEers  from 
the  preceding  in  that  it  persists  after  the  circuit  has 
been  broken.  It  is  produced  by  suf&ciently  strong 
currents  with  either  pole  at  the  motor  point.  It  is 
most  definite  in  AC,  or  better  still,  with  longitudinal 
stimulation.  It  persists  for  several  seconds  after 
cessation  of  the  stimulus,  before  relaxation  occurs. 
It  may  disappear  with  repeated  stimuli,  which  reduce 
its  duration.  It  forms  part  of  the  myotonic  reaction, 
and  occurs  in  certain  muscles  at  the  onset  of  myo- 
pathies. 

The  Longitudinal  Reaction. — In  the  normal  state, 
muscles  are  excitable  anywhere  in  their  fleshy  portion, 
but  their  excitabihty  reaches  an  optimum  in  the 
small  area  of  the  motor  point.  Variations  in  excita- 
bihty which  occur  in  the  muscle  in  a  pathological 
condition,  and  become  evident  on  stimulation  of  the 
motor  point  by  the  unipolar  method,  are  not  confined 
to  this  point,  but  affect  the  entire  muscle.  Thus  the 
distal  extremity  of  an  affected  muscle  responds  more 

idily  than  in   the  normal  condition.     Whereas   a 
brong    galvanic    current   is    required    for    producing 

►ntraction  in  a  healthy  muscle  by  stimulation  at  the 
iction  with  its  tendon,  a  relatively  weak  current 

lay  suffice  for  this  if  disease  is  present.     When  at 

le   same   time   excitability   at   the   motor   point   is 
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markedly  reduced,  or  even  absent,  stimulation  at  the 
junction  with  the  tendon  will  be  found  more  effective, 
and  may  even  entirely  replace  excitability  at  the 
motor  point. 

Discovered  by  Remak  (1876),  again  by  Doumer  in 
1891,  and  studied  shortly  afterwards  by  Huet  (1894), 
this  phenomenon  was  described  by  Wertheim-Salo- 
monson  as  displacement  of  the  motor  point. 

Later,  Ghilarducci,  having  shown  that  it  could  be 
obtained  by  stimulation  below  the  muscle,  even, 
indeed,  at  the  extremity  of  the  limb,  named  it  the 
remote  reaction  of  degeneration,  an  expression  which 
was  used  for  some  time,  but  is  to-day  almost  uni- 
versally replaced  by  the  terms  longitudinal  hyper- 
excitability,  or  longitudinal  reaction,  the  name  given 
to  it  by  Huet. 

Longitudinal  reaction  or  hyper-excitability,  dis- 
placement of  the  motor  point,  and  remote  reaction 
of  degeneration  are  therefore  different  names  for  the 
same  phenomenon.  Li  symbols  it  is  often  written 
RDd. 

It  has  long  been  regarded  as  a  late  or  terminal 
manifestation  of  the  reaction  of  degeneration,  but  it 
is  now  well  established  that  it  accompanies  the  latter 
throughout  its  development,  and  constitutes  one  of 
the  earliest  and  most  important  elementary  reactions 
(sometimes  appearing  two  or  three  days  after  injury 
to  the  nerve). 

When  the  testing  electrode  is  applied  to  the  lower 
extremity  of  the  belly  of  a  muscle  which  is  degenerating, 
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at  a  short  interval  after  the  commencement  of  this 
process  (fig.  35),  it  is  observed  that  the  closing 
stimulus  at  this  point  causes 
contraction  with  a  much  weaker 
current  than  would  be  effective 
in  the  normal  state.  Longi- 
tudinal hyper-excitability  is 
present;  and  this  hyper-ex- 
citability is  actual,  and  absolute. 
Later,  excitability  diminishes 
at  the  motor  point,  and  di- 
minishes equally  to  longitudinal 
stimulation,  a  stronger  current 
being  required  than  in  the 
normal  state.  But  the  di- 
minution  in  excitability  being 
less  to  longitudinal  stimulation 
than  at  the  motor  point,  longi- 
tudinal stimulation  continues 
more  effective  than  stimulation 
at  the  motor  point ;  hence 
there  is  relative  longitudinal 
hyper-excitability. 

When    excitability    at     the 
motor  point  is   abolished,  ex- 
citability    at     the     point     of 
junction  with  the  tendon  may  be  the  only  evidence 
of  excitability  in  the  muscle. 

The  contraction  following  longitudinal  stimulation 
is  a  manifestation  of  degeneration,  and  possesses  the 


Fia.  35. — Examination  of 
the  longitudinal  reac- 
tion on  the  tibialis,  arti- 
cus  muscle. 
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essential  characteristic  of  degeneration  phenomena, 
which  is  slowness.  This  feature  is  often  even  more 
pronounced  on  longitudinal  stimulation  than  at  the 
point  of  election.  The  contraction  produced  by 
stimulation  of  the  motor  point  may  even  seem  lively, 
or  its  nature  may  appear  doubtful,  but  its  sluggish 
nature  will  usually  be  obvious  on  stimulation  in  the 
region  of  the  tendon. 

The  order  of  appearance  of  contractions  in  longi- 
tudinal stimulation  does  not  differ  from  the  normal 
order,  at  least  in  the  majority  of  cases ;  KCC  is 
obtained  as  a  rule  before  ^  ACC,  but  inversion  occa- 
sionally occurs. 

In  the  initial  phases  only,  of  the  reaction  of  degenera- 
tion, a  galvanotonic,  instead  of  a  slow,  contraction,  is 
sometimes  obtained.  The  other  reactions  of  the  muscle 
are  usually  perfectly  normal  at  this  stage  ;  stimula- 
tion at  the  motor  point  gives  no  slowed  contraction, 
and  shows  no  modification  of  the  formula.  It  follows 
that  the  independent  occurrence  of  a  tonic  con- 
traction in  longitudinal  examination  may  be  a  very 
early  and  delicate  sign  of  a  change  in  the  muscle 
(Bourguignon). 

Rich's  Reaction,  or  the  Reaction  of  Compression.— The  reaction 
of  Rich,  or,  more  exactly,  of  Richard  Geigel,  is  a  quantitative 
reaction  following  compression  of  the  nerves  and  vessels  with  the 
fingers,  or  with  Esmarch's  bandage.  It  is  characterised  by  the 
early  appearance  of  the  opening  contractions  on  stimulation  of 
the  nerve. 

Supposing  that  in  the  normal  state  the  succession  of  contractions 
is  obtained  with  the  following  intensities  : 

KCC 1  ma. 

ACC 2  ma. 
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AOC 3  ma. 

KOC 10  ma. 

After  compression  with  the  fingers  or  Esmarch's  bandage  they 
are  obtained  as  follows  : 


KCC 
ACC 
AOC 
KOC 


1  ma. 

1  ma. 

2  ma. 
2ima. 


It  will  be  seen  from  this  that  the  intensities  required  for  obtaining 
the  opening  contractions,  particularly  KOC,  are  very  low  in  com- 
parison with  the  normal. 

The  explanation  of  the  phenomenon  probably  lies  in  the  fact 
of  existence  of  a  polarisation  current,  which  is  superimposed  on 
the  principal  current  at  the  break,  and  is  of  unusual  strength 
because  the  products  of  electrolysis,  which  are  the  cause  of  polarisa- 
tion, cannot  be  carried  away  by  the  blood-stream  on  account  of 
the    compression. 

The  phenomenon  becomes  more  marked  the  longer  the  current 
is  kept  closed,  which  would  appear  to  verify  this  theory. 

II.    Grouping  of  the  Elementary  Reactions 

In  nervous  pathology,  when  the  responses  of  nerves 
and  muscles  to  electrical  stimulation  vary  from  the 
normal,  the  anomaly  may  consist  solely  in  an  increase 
or  reduction  of  excitability ;  such  a  modification  is 
purely  quantitative.  In  other  cases  the  anomaly  is 
characterised  both  by  quantitative  modifications  and 
by  a  change  in  the  form  of  the  muscular  contraction, 
which  may  or  may  not  be  associated  with  an  altera- 
tion of  the  normal  order  of  appearance  of  the  con- 
tractions. 

The  reaction  of  degeneration  falls  in  the  last  cate- 
gory. 

Noimal     Reactions. — Normal     excitability    is     pre- 
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served  (or,  to  be  less  dogmatic,  only  varies  slightly) 
in  the  following : 

1.  Affections,  slight  or  even  serious,  of  the  brain 
and  spinal  cord  (epilepsy,  tabes,  chorea,  paralysis 
agitans,  cerebral  concussion,  etc.,  etc.). 

2.  Affections  of  the  peripheral  motor  neurone, 
liable  to  give  rise  to  the  reaction  of  degeneration,  but 
failing  to  do  so  owing  to  the  mild  nature  of  the  morbid 
process. 

3.  Affections  of  the  neuro-muscular  system  of  a 
functional  nature.  The  motor  paralyses  of  hysteria 
show  no  modifications  in  the  electrical  reactions. 
Sometimes,  however,  slight  hypo-excitability  is  ob- 
served in  hysterical  subjects.  In  certain  cases  this 
is  merely  apparent,  resulting  from  the  increase  in 
skin  resistance  which  frequently  occurs  in  hysteria  ; 
in  other  cases  the  muscles  are  found  to  be  in  a  spastic 
condition,  and  it  is  supposed  that  a  stronger  current 
is  required  to  give  the  threshold  in  spastic  muscles 
than  in  a  normal  subject,  whose  muscles  are  com- 
pletely relaxed. 

III.    Increased  Excitability 

Increased  excitability  is  characterised  by  the  appear- 
ance of  the  threshold  with  weaker  currents  than  in 
the  normal  state. 

If  only  sHght  it  is  not  easily  detected,  and  its 
existence  may  remain  uncertain.  In  bilateral  affec- 
tions, the  only  means  of  comparison  is  with  the 
usual  values  of  the  faradic  and  galvanic  threshold  in 


m 
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the  healthy  subject,  but  in  the  case  of  a  unilateral 
lesion,  there  is  no  possibility  of  doubt  unless  the 
differences  in  excitability  between  the  two  sides  are 
only  extrentiely  slight. 

An  increase  in  excitability  occurs  in  recent  organic 
cerebral  paralyses,  particularly  if  these  are  accom- 
panied by  spasticity;  in  certain  forms  of  myelitis, 
in  the  first  stage  of  tabes,  disseminate  sclerosis, 
Little's  syndrome,  tetany,  writer's  cramp,  reflex 
contractures,  and  in  a  general  way  in  the  majority 
of  affections  in  which  the  tendon  reflexes  are  exag- 
gerated. 

IV.    Reducud  Excitability 

Simple  diminution  of  excitability  is  commoner 
than  augmentation.  It  is  recognised  when  the 
threshold  stimulus,  with  both  forms  of  current, 
requires  a  greater  strength  of  current  than  in  the 
normal  state. 

As  with  hyper-excitability,  slight  degrees  of  it  are 
sometimes  difficult  to  detect. 

Sometimes  it  is  more  marked  with  one  of  the  forms 
of  current  than  with  the  other,  either  with  the  faradic, 
or  with  the  galvanic. 

Lastly,  it  is  often  more  marked  on  stimulation  of 
erves  than  of  the  muscles. 

In  certain  cases  the  diminution  in  excitability  of 
the  nerves  is  such  that  with  ordinary  electro-diagnosis 
apparatus,   using   the   bipolar   method,   no   response 
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whatever  can  be  obtained ;  excitability  may  then  be 
considered  abolished. 

Sometimes,  in  severe  reflex  atrophies  or  myopathies, 
for  instance,  the  loss  of  contractile  substance  in  the 
muscle  may  be  so  extensive  that  the  muscle  will  not 
respond  to  electrical  excitation  :  in  such  a  case  the 
excitability  of  the  muscle  is  abolished. 

Simple  hypo-excitability  is  observed  in  nerves  and 
muscles  in  old  cerebral  paralysis  and  in  anterior 
poliomyelitis,  but  then  only  in  muscles  slightly 
affected,  and  capable  of  rapid  regeneration ;  in  haema- 
tomyelitis,  reflex  muscular  atrophies  or  atrophy  due 
to  functional  inactivity;  in  therapeutic  immobilisa- 
tion, the  voluntary  immobilisation  of  malingerers,  or 
the  unconscious  immobilisation  of  hysterical  subjects, 
but  in  these  cases  it  exists  only  in  a  slight  degree :  it 
is  always  more  pronounced  when  it  corresponds  to 
an  atrophy  following  a  fracture  or  articular  lesions. 
It  is  the  rule  in  myopathies,  in  certain  sHght  peripheral 
paralyses,  benign  facial  palsy  a  frigore,  the  majority  of 
peripheral  paralyses  by  slight  temporary  compression, 
etc. 

Primary  myopathies  are  accompanied  by  a  hypo- 
excitability  which  increases  in  degree  as  the  atrophy 
becomes  more  advanced.  In  the  early  stages,  when 
the  amyotrophia  is  still  only  shghtly  perceptible, 
the  diminution  in  excitability  takes  the  form,  not  so 
much  of  a  raised  threshold  as  of  a  reduced  amplitude 
of  contraction  (Huet). 

In  infective  or  toxic  neuritis  (alcoholic  and  diph- 
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theritic  paralyses,  etc.),  simple  hypo-excitability  justi- 
fies a  favourable  prognosis. 

Hypo-excitability  also  appears  in  traumatic  peri- 
pheral neuritis,  infective  or  toxic  neuritis,  at  a  late 
stage  of  their  development,  following  after  the  reaction 
of  degeneration.  At  this  period  the  power  of  volun- 
tary movement  may  have  been  wholly,  or  only  partially, 
recovered. 

In  cases  which  have  not  been  cured,  i.e.  in  which 
the  power  of  voluntary  movement  has  not  been 
regained,  excitability  is  always  greatly  diminished. 
Usually  only  traces  of  it  persist. 

Cases  of  Extreme  Hypo-excitability.  —  Very  pro- 
found hypo-excitability,  sometimes  even  so  profound 
that  no  faradic  response  is  obtained,  and  no  galvanic 
current  of  less  than  20,  25,  or  30  milliamperes  will 
excite  contraction,  is  sometimes  met  with  in  certain 
acute  processes  with  severe  clinical  symptoms,  such 
as  cerebro-spinal  meningitis,  poliomyelitis,  certain 
forms  of  toxic  or  infective  neuritis,  traumatic  neuroses, 
and  nerve  compressions  (Huet). 

Sometimes  the  whole  area  affected  shows  this 
hypo-excitability;  at  other  times  muscles  or  other 
nerves  in  the  immediate  neighbourhood  definitely 
show  the  reaction  of  degeneration. 
^^  A  peculiarity  of  these  cases  is  that,  in  spite  of  the 
severity  of  clinical  signs  which  suggest  the  existence 
of  RD  (severe  compression,  for  instance),  nothing  is 
found  beyond  hypo-excitability.  It  is  then  discovered 
that  with  this  marked  hypo-excitability,  bordering  on 
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inexcitability,  and  often  characterised  by  complete  loss 
of  faradic  excitability,  the  galvanic  contraction,  which 
might  well  be  expected  to  be  slowed,  is  still  brisk. 

It  might  also  be  supposed  that  this  hypo-excitability 
represents  the  last  stage  in  the  course  of  a  reaction  of 
degeneration,  not  previously  recognised,  owing  to  its 
rapid  development,  but  this  is  by  no  means  the  case, 
since  excitability  diminishes  very  rapidly  from  the 
onset  of  the  affection. 

However  this  may  be,  experience  shows  that  in 
these  cases  where  serious  clinical  signs  are  associated 
with  a  hypo-excitability  of  disquieting  severity,  the 
prognosis  is  relatively  favourable y  and  recovery  is  readily 
brought  about. 

When,  in  a  region  showing  RD  are  foimd  muscles  ex- 
hibiting this  symptom  of  pronounced  hypo-excitability, 
it  is  invariably  in  the  latter  that  the  power  of  voluntary 
movement  is  regained  more  rapidly  and  completely. 

According  to  Huet,  marked  hjrpo-excitability  is 
commonest  in  the  lower  limb,  in  the  muscles  of  the 
thigh,  more  particularly  the  biceps  and  vastus  internus, 
and  in  the  posterior  muscles  of  the  leg,  particularly 
the  gastrocnemius. 

V.   The  Reaction  of  Degeneration 

By  the  reaction  of  degeneration  (RD)  is  understood 
a  syndrome  composed  of  the  following  elementary 
electrical  reactions  : 

1.  The  excitabihty  of  the  nerve  (faradic  and  gal- 
vanic) is  abolished^ 
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2.  The  faradic  excitability  of  the  muscle  is  abolished.. 

3.  The  galvanic  excitability  of  the  muscle  is  either 
increased  or  diminished. 

4.  The  following  qualitative  changes,  on  galvanic 
stimulation  of  the  muscle,  are  present : 

(a)  Slow  or  galvanotonic  contraction. 

(6)  Inversion  of  the  formula  (ACC>KCC),  or 
polar  equality  (ACC=KCC),  or  the  normal  formula 
KCC  >  ACC. 

(c)  Longitudinal  hyper-excitability. 

When  these  modifications  are  coexistent  and  definite, 
the  reaction  of  degeneration  is  said  to  be  complete. 

When  a  motor  nerve  in  an  animal  is  divided,  changes 
in  the  electrical  reactions  of  the  nerve  and  the  muscle 
appear,  usually  on  the  second  day,  develop  for  several 
weeks,  and  at  a  certain  stage  in  this  development  give 
the  picture  of  complete  RD.  Hence,  certain  authors 
have  proposed  to  distinguish  complete  RD  by  the 
term  *'  syndrome  of  nerve  section." 

The  expression  "  reaction  of  degeneration  "  origin-^ 
ates  in  the  fact  that  this  electrical  syndrome  appears 
when  a  nerve  undergoes  Wallerian  degeneration. 

This  parallelism  is  not,  however,  admitted  by  all 
authors.  Strumpell,  for  instance,  was  unable  to 
detect  any  degenerative  lesion,  apart  from  prolifera- 
tion of  the  nuclei,  in  excised  muscles  showing  all 
the  characters  of  RD,  and  disputes  the  degenerative 
significance  attributed  to  the  reaction  of  degeneration, 
explaining  it  simply  as  a  reaction  on  the  part  of  the 
muscle    itself    when    deprived    of    its   nerve   supply. 
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Similarly,  Babinski,  taking  account  of  the  fact  that 
the  characters  of  RD  may  appear  extremely  early, 
at  a  period  when  the  muscle  cannot  have  undergone 
morphological  change,  three  or  four  days  after  section 
of  the  facial  nerve,  for  instance,  regards  the  reaction 


Fig.  36. — ^Diagrammatic  representation  of  muscular  responses 
to  galvanic  stimulation  (closing  contractions). 

(A)  Normal  muscle. — ^At  F  (kathodal  closure)  the  contraction  is 

brisk,  and  more  forcible  than  at  F  (anodal  closure). 

(B)  Muscle  showing  the  reaction  of  degeneration  (with  inversion 
of  the  formula). 

At  F,  anodal  closure  gives  a  slow  contraction,  more  forcible  than 

that  produced  at  F  (kathodal  closure). 

of  degeneration  as  the  response  of  a  muscle  released 
from  the  control  of  the  nervous  system.* 

^  Pitres  has  shown  that  the  slowing  of  the  muscular  contraction 
obtained  by  percussion,  in  peripheral  nerve  lesions,  coincides  with 
disappearance  of  faradic  excitability  in  the  muscles.  He  therefore 
advised  chnicians  with  no  electro-diagnosis  apparatus  at  their 
disposal  to  resort  to  percussion  as  a  substitute,  regarding  slow 
contraction  on  percussion  as  adequate  evidence  of  RD.  That 
this  is  a  mistake  is  clearly  shown  by  the  slowed  contraction  obtained 
on  percussion  in  reflex  paralysis  (Babinski,  Hallion,  and  Froment, 
"  Slowed  muscular  contraction  obtained  by  percussion,  and  its 
cUnical  significance,  studied  by  the  graphic  method,"  Soc.  Neurol.^ 
June  29th,  1916). 
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Partial  Reaction  of  Degeneration.— The  reaction  of 
degeneration  does  not  always  appear  in  the  form 
which  we  have  just  described.  Frequently  the  quanti- 
tative modifications  exist  only  in  a  slighter  degree  ; 
the  nerve  has  not  entirely  lost  its  excitability,  but  only 
shows  diminution  in  faradic  and  galvanic  excitability 
to  a  greater  or  less  extent ;  similarly,  the  muscle  may 
still  respond  to  more  or  less  vigorous  faradic  stimuli. 
The  other  features  of  RD  are,  however,  identical. 

In  brief,  partial  reaction  of  degeneration  is  consti- 
tuted by  the  following  elementary  reactions  : 

1 .  The  excitability  of  the  nerve  (faradic  and  galvanic) 
is  more  or  less  diminished. 

2.  The  faradic  excitability  of  the  muscle  is  more 
or  less  diminished. 

3.  The  galvanic  excitability  of  the  muscle  is  either 
increased  or  diminished. 

4.  The  following  qualitative  changes  appear  in  the 
muscle  on  galvanic  stimulation : 

I     (a)  Slow  or  galvanotonic  contraction. 

(h)  Inversion  of  the  formula   (ACC>  KCC),  polar 
equaUty  (ACC  =  KCC),  or  the  normal  formula  (KCC  > 
ACC). 

f    (c)  Longitudinal  hyper-excitability. 

In  certain  cases  the  diminution  in  faradic  excitability 
may  be  very  slight  or  even  imperceptible,  the  KC 
contraction  may  remain  brisk,  and  slowing  only  appear 
in  ACC,  or  even  only  on  longitudinal  excitation. 
When  this  milder  combination  is  present,  it  is  said 
that  there  are  traces  of  the  reaction  of  degeneration. 
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Symptomatic  Value  of  the  Slow  Contraction  and  In- 
version.— Complete  and  partial  reaction  of  degenera- 
tion consist,  therefore,  in  an  association  of  certain 
elementary  reactions,  and  not,  as  is  still  sometimes 
said,  merely  in  inversion  of  the  galvanic  formula. 
Of  all  the  elementary  reactions  which  together  con- 
stitute the  syndrome  of  degeneration,  inversion  of 
the  formula  is  actually  the  least  constant,  always 
provided  that  it  is  tested  for  with  liminal  stimuli, 
and  not  with  stronger  currents.  At  the  threshold, 
inversion  is  relatively  uncommon. 

The  contrary  applies  to  the  slow  contraction,  or  its 
equivalent,  galvanotonic  contraction,  which  is  in  some 
sense  pathognomonic  of  RD.  If  slowed  contraction 
or  galvanotonic  contraction  is  absent,  RD  is  not 
present. 

In  one  variety  of  the  condition,  it  is  true,  slowing  is 
absent,  but  this  absence  is  only  apparent.  This 
occurs  when,  as  in  certain  chronic  affections  in  which 
the  degenerative  process,  instead  of  attacking  the 
peripheral  motor  neurone  as  a  whole,  gradually  affects 
one  motor  cell  after  another,  or  one  nerve  fibre  after 
another,  the  reactions  of  the  altered  muscle  fibres 
are  masked  by  those  of  the  fibres  which  are  still  healthy. 
In  this  way  the  slow  contraction  is  concealed  by  the 
brisk  contraction  of  the  unaffected  fasciculi,  and  only 
a  more  or  less  marked  simple  hypo-excitability  is 
detected.  Later,  when  the  fasciculi  originally  im- 
mune are  affected  in  their  turn,  the  fasciculi  originally 
attacked  have  become  almost  inexcitable  ;  hence  there 
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is  marked  hypo-excitability  of  the  whole  muscle,  which 
militates  against  satisfactory  detection  of  the  qualita- 
tive changes  characterising  RD  (Huet).  It  should  be 
added  that  slowed  contraction  can  be  observed  in 
cases  of  this  kind  in  superficially  situated  muscles,  a 
contraction  which,  however,  is  briskly  initiated,  a 
fact  for  which  the  coexistence  of  healthy  and  degener- 
ated fibres  is  an  obvious  explanation. 

The  slow  contraction  is  usually  observed  only  on 
direct  stimulation  of  the  muscle.  Thus  in  partial  RD, 
in  which  the  nerve  is  still  excitable,  direct  galvanic 
stimulation  of  the  muscle  gives  the  slow  contraction, 
whereas  stimulation  of  the  nerve  (galvanic  or  faradic) 
gives  a  brisk  contraction,  and  no  polar  inversion. 

We  shall  see  later,  however,  that  slowing  may 
sometimes  be  shown  on  excitation  of  the  nerve  (Remak's 
faradic  reaction  of  degeneration). 

Causes  of  Error. — There  can  be  no  doubt, — and 
this  point  has  recently  been  strongly  emphasised, — that 
slowness  of  the  contraction  may  exist  apart  from  the 
reaction  of  degeneration. 

Experimentally,  in  the  frog,  modifications  in  the  form  of  the 
normal  contraction  have  been  obtained  by  the  use  of  various 
substances — caffeine,  quinine,  veratrine,  and  salts  of  potassium 
and  ammonium.  Cluzet  observed  slowing  of  the  contraction  after 
the  injection  of  spartein. 

Curare  acts  in  the  same  way,  causing  temporary  paralysis  of 
the  motor  nerve  fibres ;  the  muscle  becomes  almost  insensible  to 
induction  shocks  (Briicke) ;  its  galvanic  excitability  remains 
almost  normal,  but  the  contraction  is  slowed  (Cluzet).  When  the 
effect  of  curare  passes  off,  the  electrical  reactions  become  normal. 

Clinically,   in    man,    in    certain   general   affections 
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associated  with  cachexia,  such  as  diabetes,  jaundice,* 
the  cachexia  of  new  growth,  and  tuberculosis,*  a 
certain  prolongation  of  the  contraction  is  sometimes 
seen. 

Further,  exhaustion  from  excessive  faradic  stimu- 
lation (Dubois),  CO2  poisoning,  and  cold,  may  cause 
slowing. 

The  effect  of  cooling  on  muscular  contraction  in  the  frog  and 
other  cold-blooded  animals  was  recognised  long  ago  by  Helmholz, 
Pfliiger,  Marey,  and  others.  In  warm-blooded  animals,  prolonga- 
tion of  the  contraction  following  a  reduction  of  temperature  appears, 
on  the  contrary,  to  have  been  less  closely  studied.  Bernhardt, 
however,  and  Hitzig,  have  drawn  attention  to  a  prolongation  of 
the  faradic  contraction,  and  others  have  subsequently  demon- 
strated clearly  that  a  contraction,  slowed  by  cold,  recovers  its 
rapidity  when  the  muscle  is  warmed.3 

Grund  *  was  the  first  to  speak  of  a  "  reaction  of 
cooling,"  and  to  attempt  to  distinguish  it  from  the 
reaction  of  degeneration. 

Since  faradic  excitability  is  preserved,  the  reaction 
of  cooling  might  simulate  partial  reaction  of  degenera- 
tion, and  this  would  explain  how  authors  have  been 
able  to  discover  RD  in  affections  in  which  it  does  not 
occur.  In  this  way  Bernhardt  imagined  that  he  had 
detected  RD  in  a  case  of  Raynaud's  disease. 

The  pseudo  reaction  of  degeneration  a  frigore  is 

1  Edinger,  Zeitschr.  f.  Klin.  Med.,  1883. 

*  Reiss,  Die  elektr.  Entartungsreaction,  Berlin,  1911. 

3  Graphic  records  show  that  there  is  no  increase  in  the  latent 
period,  but  a  prolonged  phase  of  contraction,  an  interval,  and  slow 
relaxation. 

*  Grund,  Zentralhlatt  f.  Neur.,  1908,  et  Deuts.  Zeita  f.  Ntrven- 
htHkunde,  1908,  p.  172. 
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sometimes  associated  with  polar  equality,  or  with 
inversion.  Sometimes  the  slowness  of  the  contrac- 
tion is  as  marked  as  in  the  most  pronomiced  RD. 
Prolongation  of  the  contraction  is  particularly  evident 
in  slender  muscles,  more  especially  the  small  muscles 
of  the  extremities.  But  with  a  considerable  lowering 
of  temperature,  the  phenomenon  may  appear  in  the 
larger  muscles. 

According  to  Reinecke,^  excitability  shows  some 
slight  modifications  ;  it  is  slightly  increased  in  both 
muscle  and  nerve  to  the  galvanic  and  faradic  tetanising 
currents,  but  diminished  to  single  shocks.  These 
changes  are  more  evident  in  stimulation  of  the  nerve. 

The  distinguishing  point  from  partial  RD  is  the 
immediate  disappearance  of  the  slowing  on  warming 
or  exercise. 

A  slowed  contraction  may  be  produced,  not  only  by 
the  action  of  external  cold,  but  by  hypothermia  of  the 
limb  from  vaso-motor  disturbance.  It  seems  probable 
that  the  phenomenon  results  from  asphyxia  of  the 
muscle  by  the  accumulation  of  CO3. 

In  reflex  paralyses,  slowed  contraction  appears 
when  vaso-motor  disturbance  is  present ;  rapidity  of 
contraction  is  decidedly  regained,  and  may  even 
become  normal  on  the  application  of  heat  or  by 
removal  of  the  exciting  cause. 

The  cooling  of  a  dead  body  acts  in  the  same  way.  Babinski, 
on  the  one  hand,  and  Marie  and  Cluzet,  observed  slowed  contrac- 
tion,  with  polar  inversion  and  faradic  inexcitability,   one  hour 

^  Reinecke,  Zeitsch.  f.  allg.  phys.,  1908,  p.  422. 
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after  death.  Cut  o£E  from  indirect  stimiilation  through  the  motor 
nerve,  the  death  of  the  latter  being  is  a  more  rapid  process,  the 
muscle  would  thus  react  in  accordance  with  its  own  properties  of 
excitability  (Babinski). 

External  cold  and  lack  of  oxygen  may  also  affect 
faradic  excitability  in  the  limbs.  Faradic  slowing, 
however,  is  not  always  as  obvious  to  the  eye  as  galvanic 
slowing,  but  it  may  be  detected  by  determining  the 
number  of  stimuli  (per  second)  required  to  produce 
tetanus.  The  number  is  invariably  lower  than  the 
normal,  i.e.  there  is  premature  fusicm  of  the  contractions. 
In  practice  this  effect  gives  rise  to  great  difficulty 
when  a  patient  for  examination,  with  a  peripheral 
paralysis,  is  also  suffering  from  vaso-motor  disorder 
and  hypothermia. 

Similarly,  these  effects  should  be  taken  into  con- 
sideration during  very  cold  weather,  as  we  had  reason 
to  know  during  the  severe  winter  of  1917.  Numerous 
mistakes  in  electro-diagnosis  were  made.  Reflex 
paralyses,  or  even  psychic  paralyses  associated  with 
slowed  contraction,  were  described  and  put  down  as 
reaction  of  degeneration,  mistakes  in  diagnosis  which 
might  easily  have  been  avoided,  either  through  ob- 
serving that  the  same  slow  contraction  was  given  in 
regions  where  there  was  no  question  of  a  nerve 
lesion,  or  by  adequate  warming  of  the  limb  examined. 
From  the  fact  that  cold  may  cause  slowing  of  the 
contraction,  it  does  not  follow  that  this  sign  should 
never  be  regarded  as  a  valid  indication  of  the  reaction 
of  degeneration.  It  is  perhaps  necessary,  in  order 
that  it  may  continue  to  be  regarded  as  pathognomonic 
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of  RD,  to  specify  the  conditions  in  which  it  is  valid ; 
the  following  words  might  accordingly  be  added  to 
its  definition  :  "  and  at  the  normal  temperature  of 
the  body,"  thereby  paraphrasing  the  words,  "  and  at 
the  same  temperature,"  found  in  the  laws  of  physics 
and  chemistry. 

Intermediate  States  between  the  Complete  and  Partial 
Reactions  of  Degeneration.  —  1.  The  'preservation  of 
excitability  to  single  induction  shocks. — The  abolition 
of  faradic  excitability  in  the  muscle  usually  refers  to 
the  rapidly  interrupted  faradic  current.  At  the  same 
time  it  is  not  uncommon  to  find  absolute  inexcita- 
bility  to  this  form  of  faradic  current  when  the  muscle 
still  responds  fairly  well  to  isolated  induction  shocks 
(Dubois^).  Certainly  the  strength  of  the  latter 
must  be  adequate,  and  the  maximum  is  usually  re- 
quired for  producing  any  response.  The  muscle 
responds  to  these  single  induction  shocks  by  a  sluggish 
contraction,  not,  however,  exhibiting  the  slowness 
characteristic  of  galvanic  stimulation,  but  none  the 
less  apparent,  and  readily  verified  by  the  reduction  of 
the  number  of  the  stimuli  necessary  to  cause  tetanus. 
This  peculiarity  of  excitability  in  the  muscle  should 
be  remembered.  It  shows  that  faradic  inexcitability 
cannot  be  deduced  until  it  has  been  shown,  by  the 
bipolar  method,  that  there  is  no  reaction  whatever 
either  to  the  tetanising  current,  or  to  single  induction 
shocks. 
|HL   2.  The    Latent    Faradic    Reaction, — Babinski,    Del- 

V^ti  ^  Dubois,  Korrespondenzbl,  /.  Schw.  Aertzte,  1888. 
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herm,  and  Jarcowski  ^  have  shown  that  in  certain 
cases  of  complete  RD,  the  faradic  excitability  of  the 
muscles  may  reappear  if  a  continuous  galvanic  current 
be  passed  through  the  limb,  while  the  faradic  reactions 
are  being  tested.  They  have  not,  however,  suc- 
ceeded in  re-establishing  faradic  excitability  in  the 
nerve. 

This  phenomenon,  described  by  these  authors  under 
the  name  of  "  latent  faradic  excitability,"  indicates  a 
less  serious  condition  of  the  muscle  than  does  complete 
abolition  of  faradic  excitability,  and  should  lead  to 
a  less  unfavourable  prognosis  than  in  the  case  of 
complete  RD. 

This  return  of  faradic  excitability  under  the  influence 
of  a  continuous  current  appears  comparable  to  the 
phenomena  of  resensitisation  of  a  degenerated  muscle 
by  certain  chemical  substances.  Salts  of  sodium  and 
potassium,  for  instance,  and  veratrine,  which  have 
little  action  on  normal  muscular  tissue,  appear,  on 
the  other  hand,  to  exert  very  profound  effects  on  a 
muscle  which  has  degenerated.  Muscles  not  pre- 
viously responding  to  faradic  stimulus  become  excit- 
able by  this  form  of  current  under  the  influence  of 
these  bodies,  possibly,  as  Mile.  Joteyko  suggests, 
owing  to  their  selective  action  on  the  sarcoplasm, 
which  they  render  sensitive.  Whatever  explanation 
is  accepted,  it  is  probable  that  the  passage  of  the 
continuous  current  through  the  muscle  exercises  on 

1  Babinski,  Delherm,  and  Jarcowski,  Soc.  fr.  d'Blectroth.,  March 
1912. 
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the  latter  its  electrolytic  effects.  The  chemical  sub- 
stances produced  increase  its  excitability,  and  thus 
enable  it  to  respond  to  the  faradic  stimulus. 

3.  The  Faradic  Reaction  of  Degeneration. — We  have 
shown  above  that  in  partial  RD,  stimulation  of  the 
nerve  (either  faradic  or  galvanic)  usually  produces  a 
brisk  contraction,  whereas  direct  galvanic  stimula- 
tion of  the  muscle  provokes  a  slow  contraction. 

In  certain  processes,  however,  a  muscle  stimulated 
with  the  faradic  current,  directly  on  its  motor  point, 
or  indirectly  through  the  nerve,  responds  by  a  more 
or  less  slow  contraction.  Slow  contractions  with 
both  galvanic  and  faradic  currents  are  therefore 
associated.  Remak  distinguished  this  combination  by 
the  name  "  faradic  reaction  of  degeneration."  If 
the  nerve  has  lost  all  faradic  excitability,  and  the 
muscle  has  retained  it,  a  slow  contraction  following 
faradic  stimulation  of  the  muscle  is  sufficient  to 
characterise  the  faradic  reaction  of  degeneration. 

Nevertheless  this  reaction  has  no  special  diagnostic 
or  prognostic  significance,  and  does  not  call  for 
separate  consideration  :  it  constitutes  one  of  the  many 
guises  which  partial  RD  may  assume,  and  merely 
indicates  a  more  profoimd  change  in  the  muscle  than 
partial  RD  with  a  brisk  faradic  response. 


I 


VI.  The  Evolution  of  the  Reaction  of 
Degeneration 

The  elementary  reactions  which  together  constitute 
the  reaction  of  degeneration,  characterise  its  stage  of 
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maturity.  This  period  is  preceded  by  one  of  initial 
development,  of  short  or  long  duration,  according  as 
the  pathological  process  producing  it  is  acute,  sub- 
acute, or  chronic.  It  is  followed,  on  the  other  hand, 
by  a  terminal  phase,  which  varies  in  nature  according 
as  the  progress  of  the  affection  which  caused  it  allows 
recovery  or  permanent  inexcit ability  (progressive  or 
regressive  changes).  The  reaction  of  degeneration, 
such  as  we  have  defined  it,  is  therefore  not  a  fixed, 
lasting,  and  definite  syndrome,  but  merely  a  transitory 
and  passing  manifestation. 

Initial  Period. — For  some  hours  following  experi- 
mental section  of  a  nerve,  an  increase  in  both  faradic 
and  galvanic  excitability  is  observed  in  the  peripheral 
end  of  that  nerve.  This  phase  of  initial  hyper-excita- 
bility  is  very  brief,  lasting  usually  not  more  than 
about  forty-eight  hours,  and  is  followed  rapidly  by 
a  progressive  diminution  of  excitability,  which  ter- 
minates towards  the  end  of  the  first  week  in  absolute 
inexcitability.  This  initial  hyper-excitability  probably 
also  exists  clinically,  but  since  very  early  examinations 
are  rarely  carried  out,  this  occiirrence  generally  escapes 
observation,  and  the  first  condition  to  be  detected 
is  inexcitability  of  thef  nerve.  Meanwhile  the  faradic 
excitability  of  the  muscles  diminishes  more  or  less 
rapidly  during  the  hours  following  division  of  the 
nerve,  and  disappears  towards  the  second  week. 

Galvanic  excitability,  after  a  stage  of  diminution, 
which  is  usually  very  brief,  becomes  greater  than 
normal,  i,e,  we  have  galvanic  hyper-excitabihty ;  and 
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it  was  precisely  this  combination  of  galvanic  hyper- 
excitability  and  decreased  faradic  excitability  of  the 
muscle  that  astonished  the  first  observers  who  obtained 
these  reactions  clinically  (Baierlacher,  Ziemssen,  and 
Erb). 

The  duration  of  the  phase  of  galvanic  hyper-excita- 
bility varies  considerably ;  in  certain  circumstances 
it  is  very  short,  and  is  rapidly  succeeded  by  diminution 
in  galvanic  excitability ;  in  other  cases  it  is  very 
prolonged,  and  continues  beyond  the  initial  period, 
hyper-excitability  being  still  evident  at  the  period  of 
established  RD. 

At  this  stage  of  hyper-excitability  the  opening  con- 
tractions, particularly  KOC,  are  sometimes  obtained 
more  readily  than  usual  (Lugard).  This  peculiarity 
recalls  what  is  observed  in  nerve  compression  (Richard 
Geigel's  reaction)  ^ ;  but  here  we  are  concerned  with  a 
reaction  proper  to  the  muscle,  and  not  to  the  nerve. 
The  appearance  of  opening  contractions  in  a  muscle 
is  always,  therefore,  in  view  of  the  difficulty  of  obtain- 
ing them  in  the  normal  state,  a  somewhat  suspicious 
sign.  Hyper-excitability  to  opening  stimuli,  like 
galvanic  hjrper-excitability  itself,  except  in  facial 
paralysis  a  frigore,  is  merely  transitory. 

Along  with  these  quantitative  modifications,  the 
following  qualitative  modifications  progressively  de- 
velop :  longitudinal  hyper-excitability,  slowing  of  the 
contraction,  and  anomalies  in  the  order  of  appear- 
ance  of  the  contractions.     The  latter,  however,  is  a 

1  See  p.  66. 
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relatively    late   sign,   and  never  appears  before  the 
second  week. 

Stage  of  Maturity. — This  period  is  defined  by  the 
classical  syndrome  which  we  have  analysed  in  detail. 
No  further  description  is  necessary. 

Progressive  Changes. — The  progressive  changes  of 
RD  are  concerned  solely  with  the  galvanic  excitability 
of  the  muscle,  since  both  nerve  and  muscle  have 
permanently  lost  their  faradic  excitability,  and  the 
nerve  its  galvanic  excitability. 

A  common  phenomenon  of  secondary  importance 
is  a  more  pronounced  slowing  of  the  contraction  ;  the 
effect  of  the  positive  pole  also  usually  comes  to  pre- 
ponderate. 

The  essential  phenomenon  is  progressive  diminu- 
tion in  the  galvanic  excitability  of  the  muscle.  The 
strength  of  current  required  for  obtaining  the  threshold 
becomes  continually  greater,  and  finally,  it  may  he 
long  after  the  onset  of  the  affection  (from  several  months 
to  one  or  even  two  years),  galvanic  excitability  at  the 
motor  point  disappears  completely. 

When  excitability  at  the  motor  point  has  been  lost, 
the  muscle  may  still  be  made  to  contract  by  a  stimulus 
applied  at  a  distance  from  its  motor  point,  and  the 
further  period  during  which  it  continues  to  react  to 
longitudinal  excitation  may  also  be  prolonged  for 
many  months. 

Loss  of  excitability  at  the  lower  extremity  of  the 
muscle  does  not,  however,  mean  that  the  muscle  has 
become  totally  inexcitable.     It  is,  in  fact,  possible,  by 
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localising  the  galvanic  stimulus,  as  in  localised  fara- 
disation, to  obtain  evidence  of  electrical  contractility. 
The  extensors  of  the  forearm,  for  instance,  when 
absolutely  inexcitable  by  the  galvanic  current  with 
the  indifferent  electrode  applied  on  the  back,  will 
respond  with  very  definite  slow  contractions,  on  stimu- 
lation, whether  remote  or  at  the  motor  point,  if  the 
indifferent  electrode  be  applied  over  the  lower  part 
of  the  triceps  brachialis,  above  the  olecranon. 

The  successive  periods  of  change  in  the  electrical 
reactions  which  have  been  described,  initial  period, 
reaction  of  degeneration  properly  so-called,  and  the 
phase  of  DRd  only,  represent  the  course  of  complete 
RD  in  its  entirety.  Such,  in  fact,  is  the  succession  of 
effects  always  associated  with  an  anatomical  process  pro- 
ducing the  definite  lesions  of  Wallerian  degeneration. 

It  occurs  after  division  of  a  nerve,  and  in  all  affec- 
tions in  which  severance  of  connection  with  the  trophic 
centres  gives  rise  to  lesions  of  the  same  order  and  the 
same  degree.  In  other  conditions,  however,  RD 
does  not  necessarily  pass  through  all  these  stages. 
The  process  of  its  development  may  cease  at  any 
time,  and  recovery  commence,  if  and  when  the  his- 
tological changes  underlying  the  condition  are  arrested. 

Regressive  Changes. — Regressive  evolution  is  charac- 
terised by  a  tendency  on  the  part  of  the  pathological 
reactions  to  approach  more  nearly  to  the  normal. 

In  the  majority  of  cases  this  return  of  the  reactions 
towards  the  normal  is  preceded  for  a  long  or  short  period 
by  a  return  of  the  power  of  voluntary  movement. 
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In  lead  paralysis  of  the  extensors,  for  instance,  the 
patient  may  entirely  have  recovered  the  use  of  the 
limb  at  a  time  when  electrical  examination  still 
reveals  the  existence  of  RD. 

The  first  sign  of  regression  is,  usually,  reappearance 
of  the  excitability  of  the  nerve.  The  nerve  begins 
to  react  to  galvanic  stimulation,  and  then  to  the 
faradic  current,  the  reaction  to  single  induction  shocks 
being  the  first  to  appear.  In  this  way  a  brisk  muscular 
contraction  is  produced,  whereas  faradic  excitation  of 
the  muscle  is  still  without  effect,  and  the  galvanic 
current  gives  a  slow  contraction.  The  muscle  then 
regains  its  faradic  excitability,  at  first  only  partially, 
and  less  completely  than  the  nerve,  while  the  galvanic 
contraction,  on  the  other  hand,  is  gradually  losing 
its  characteristic  of  slowness,  and  excitability  is 
moving  upwards  towards  the  region  of  the  motor  point. 
The  longitudinal  reaction  ceases  to  predominate  over 
the  reaction  at  the  motor  point,  and  KCC  becomes 
equal  to,  and  finally  greater  than,  ACC. 

This  process,  which  is  always  a  matter  of  months, 
invariably  indicates  anatomical  repair. 

It  should  be  borne  in  mind  that  long  after  complete 
clinical  recovery,  particularly  in  cases  where  the 
affection  has  been  considerably  prolonged,  traces  of 
the  disorder,  in  the  form  of  a  few  definite  signs,  may 
atill  be  present. 

Inversion,  for  instance,  may  persist  for  a  long 
time,  either  as  complete  inversion  or  as  polar  equality, 
and  signs  of  longitudinal  hyper-excitability  may  still 


ABNORMAL  REACTIONS  89 

be  found  in  muscles  previously  involved,  several  months 
or  even  years  after  the  disappearance  of  RD.  Lastly, 
quite  the  commonest  sign  to  persist  is  a  simple  diminu- 
tion of  excitability  in  both  nerves  and  muscles,  less 
marked,  however,  in  the  nerves,  which  regain  almost 
their  normal  degree  of  excitability,  than  in  the  muscles, 
the  excitability  of  which  continues  very  diminished 
for  a  considerable  length  of  time,  more  particularly 
for  the  galvanic  current. 

Acute,  Subacute,  and  Chronic  Development  o!  RD. — 
In  certain  affections,  RD  passes  rapidly  through 
its  different  phases,  and  arrives  at  the  terminal  stage 
in  a  few  weeks.  The  process  of  development  may 
then  be  regarded  as  acute  (anterior  poliomyelitis, 
section  of  a  nerve). 

As  would  naturally  be  supposed,  the  process  is  less 
rapid  when  a  tumour  or  cicatricial  tissue  exercises  a 
gradual  compression  on  the  nerves,  nerve-roots,  or 
anterior  horns  of  the  spinal  cord.  Sometimes  the 
process  is  subacute,  and  sometimes  it  is  slow,  or 
chronic. 

In  traumatic  nerve  lesions,  the  acute  development 
of  RD,  that  is  to  say,  its  rapid  initiation  after  the 
injury,  is  always  suspicious ;  it  always  indicates 
severe  injury  to  the  nerve,  and  the  probability  is  that 
actual  section  has  occurred.  At  the  same  time,  acute 
signs  may  follow  simple  trauma  of  the  nerve  (violent 
contusion),  severe  compression  by  a  fragment  of  bone, 
or  by  a  hsematoma,  or  purulent  infiltration* 

The    subacute    development    of    RD    in    gun-shot 
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wounds  is  generally  associated  with  permanent  com- 
pression, continued  or  progressive. 

The  involvement  of  a  nerve  in  a  mass  of  scar- tissue, 
the  development  of  an  intrafascicular  neuroma,  and 
enclosure  in  a  callus,  all  give  rise  to  a  slow  develop- 
ment. For  several  weeks  there  is  partial  RD,  which 
is  not,  however,  always  a  favourable  sign  in  cases  of 
this  kind.  As  a  rule  it  is  merely  a  stage  preparatory 
to  complete  RD,  into  which  it  will  merge  insensibly. 

Nothing  is  more  deceptive  than  a  case  exhibiting 
partial  RD  which  does  not  recover  within  a  com- 
paratively short  time.  Complete  paralysis  with  partial 
RD  may  sometimes  involve  a  given  region,  and  after 
a  few  weeks  the  paralysis  may  completely,  or  almost 
completely,  disappear,  while  the  signs  of  RD,  on  the 
contrary,  persist.  After  some  time,  and  for  no 
apparent  reason,  the  paralysis  gradually  reappears  in 
that  region.  This  course  of  events  is  usually  a  sign 
of  inflammatory  compression  followed  by  fibrous 
contraction. 

In  infective  or  toxic  neuritis,  the  progress  of  RD  is 
closely  connected  with  the  progress  of  these  affections. 

In  chronic  affections  of  the  spinal  cord  or  its  meninges, 
which  effect  slow  changes  in  the  motor  nuclei,  or 
compress  the  spinal  nerve-roots  (chronic  poliomyelitis, 
syringomyelia,  lateral  sclerosis,  or  any  form  of  chronic 
meningo-myelitis),  its  development  is  more  or  less 
slow  and  gradual. 
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VII.    Clinical  Significance   or  the  Reaction  op 
Degeneration 

Diagnostic  Significance. — The  reaction  of  degenera- 
tion only  appears  when  a  patholo- 
gical process  affects  the  peripheral 
motor  neurone  or  its  cellulifugal  con- 
tinuation (fig.  37) ;  that  is  to  say, 
the  anterior  horn  cells  in  the  cord 
{poliomyelitis,  etc.),  their  prolonga- 
tions into  the  medulla  (bulbar 
motor  nuclei :  lahio-glosso-laryngeal 
paralysis),  the  motor  nerve-roots 
{radicular  paralyses),  or  the  peri- 
pheral motor  neurone  {traumatic 
changes :  section,  compression,  etc. ; 
forms  of  neuritis). 

Any  pathological  process  not 
calculated,  by  its  anatomical  situa- 
tion, to  affect  the  peripheral  motor 
neurone,  never  gives  rise  to  the 
reaction  of  degeneration.  The  re- 
action never  accompanies  brain 
lesions,  primary  affections  of  the 
muscles  (myopathies,  reflex  atro- 
phies), or  myelopathies  localised 
in  the  white  matter  or  the  pos-  ^^  37.-Topog- 
terior  horns.   Nevertheless  RD  may        raphyofRD.   The 

*'  dotted     line     en- 

appear  m  the  latter  if  theanatomi-        closes  the  peri- 

cal  change  simultaneously  affects        neuroii.    ™***°' 
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the  peripheral  motor  neurone  at  any  point,  or  attacks 
it  secondarily  (as  in  amyotrophic  lateral  sclerosis, 
syringomyelia,  and  hsematomyelia). 

The  existence  of  the  reaction  of  degeneration  in 
any  given  case,  therefore,  introduces  an  element  of 
certainty  in  the  problem  of  diagnosis,  by  immediately 
excluding  a  number  of  diseases,  and  by  limiting 
investigation  to  the  pathological  conditions,  the  site 
of  which  correspond  to  its  distribution. 

Its  absence,  however,  does  not  exclude  these  possv- 
hilities  ;  because  the  reaction  of  degeneration  has  not 
been  detected,  it  should  not  be  concluded  that  the 
peripheral  motor  neurone  is  not  involved  in  the  seat 
of  the  affection.  Poliomyelitis  or  neuritis,  for  in- 
stance, if  their  anatomical  effects  are  not  far-reaching, 
may  give  rise  merely  to  quantitative  modifications  of 
electrical  excitability,  and  not,  therefore,  to  RD. 


PRINCIPAL  AFFECTIONS  OF  THE  NERVOUS  SYSTEM  IN 
WHICH  RD   APPEARS, 

Brain 

^.  .    xu    V  IV  1  .         /  Labio-glosso-laryngeal  paralysii. 

Ch.ng.s  in  the  bulb«  nuclei    .  {^^li^ti^Zl  tLo^. 

Spinal  Cord 

{Infantile  paralysis. 
Acute   anterior  poliomyelitis  in 
the  adult. 


Lesions   of   the 
anterior  horns 


„.        .  f  Forms   of   chronic   poliomyelitis 

^    '  -(       (of  the  Arau-Duchenne  type. 


cesses  ,         ^    . 

I      etc.). 


Lesions    invading    the    anterior /Amyotrophic  lateral  sclerosis.j^^  t! 
liorns  ISyringomyelia.     Haematomyelia. 
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Compressions  at  the  point  of  exit  C  p    1  •     •+• 

of  the  nerve  roots  or  on  their]  _,       ^^        ^  *  * 

course  within  the  vertebral        |  ^       ,        *        ,    ,,  , 
^^^j  I  Fractures  and  dislocations. 

Inflammatory     lesions     of     the/ Radiculitis    in    cerebro-spinal 
spinal  nerve-roots  I      meningitis,  etc. 

Peripheral  Nerves  {Roots,  Trunks,  and  Branches) 

Traumatic  changes  .         .  i^l  division, compression, stretch- 

^  I     ing,  etc. 

infective    neuritis    {H^lised   ^rf  ^^  *yP\oid,  syphiUs,  gonorrhoea, 
multiple)  \       sc*'^!®*  ^®^®^'  influenza,  diph- 

l      theria,  tuberculosis,  etc. 

Toxic    and    dyscrasle    neniitlsj  ^^  P?''""^"^  ^7  *'"°''°''  '**^' 
(localiaed  or  multvpU)  \      ^t  "  bisulphide,  and  m 

I      diabetes,  etc. 
Neuritis  a  frigore    .  .     Facial  paralysis,  radial  paralysis,  etc. 

The  topographical  data  afforded  by  the  existence 
of  RD  are  of  the  greatest  value  in  establishing  or 
verifying  a  dijfferential  diagnosis. 

Its  presence  during  the  course  of  a  motor  paralysis 
is  absolute  proof  that  this  paralysis  is  not  consequent 
on  a  lesion  of  the  cortex  or  of  the  corona  radiata, 
and  is  neither  hysterical  nor  simulated.  Nor  does 
RD  occur  in  the  course  of  muscular  atrophy.  The 
possibility  of  either  reflex  or  myopathic  muscular 
atrophy  may  also  therefore  be  eUminated  at  once. 

But  although  RD  enables  us  to  localise  the  ana- 
tomical seat  of  an  affection  to  the  peripheral  motor 
neurone,  there  is  nothing  in  the  syndrome  itself  to 
suggest  what  part  of  the  neurone  is  involved,  or  in 
other  words,  whether  the  pathological  process  is 
located  in  the  cord,  the  nerve-roots,  or  the  trunk  of 
the  pheripheral  nerve. 
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In  this  connection,  however,  its  muscular  distribu- 
tion may  be  of  some  limited  value.  If,  for  instance, 
KD  is  found  in  practically  the  same  degree  throughout 
the  region  innervated  by  a  single  nerve,  peripheral 
neuritis  may  be  deduced.  If  it  should  be  localised 
to  muscles  belonging  to  one  radicular  group,  and 
cannot  be  detected  in  any  other  muscle,  it  would 
be  reasonable  to  suggest  a  lesion  of  the  anterior  horns, 
or  a  radicular  paralysis. 

Significance  in  Prognosis. — The  degree  of  RD 
(complete,  partial,  or  traces  of  RD)  is  not  a  "  measure  " 
of  the  gravity  of  any  given  case,  or  a  reliable  guid^ 
in  prognosis,  except  by  comparison  with  other  cases 
of  the  same  nature.  Thus  the  muscles  of  the  antero- 
external  region  of  the  leg  may  be  aJBfected  in  the  same 
degree  (by  complete  RD,  for  instance)  in  one  case 
by  poliomyelitis,  and  in  another  by  influenzal  neuritis. 
Notwithstanding  the  equal  degree  of  RD  in  the  two 
cases,  the  prognosis  is  essentially  different,  since  in 
the  first  case  recovery  is  doubtful,  but,  on  the  contrary, 
highly  probable  in  the  second. 

Similarly,  partial  RD,  which  is  a  favourable  sign 
in  facial  paralysis  a  frigore,  suggests  a  grave  prognosis 
when  it  appears  in  the  course  of  a  medullary  affection 
(poliomyelitis  or  syringomyelia). 

With  an  equal  degree  of  RD,  the  outlook  is  often 
more  unfavourable  in  the  case  of  lesions  primarily 
involving  the  cells  than  in  lesions  of  the  nerve-roots 
or  nerves.  A  nerve-root  lesion  is  also  generally  more 
serious  than  a  nerve  lesion  exhibiting  an  equal  degree 


ABNORMAL  REACTIONS  95 

of  RD,  on  account  of  its  greater  tendency  to  produce 
secondary  lesions  in  the  cells. 

The  significance  of  RD  in  prognosis  is  therefore 
always  relative,  and  entirely  dependent  on  the  nature, 
form,  and  etiological  conditions  of  the  affection  in 
which  it  is  observed. 

Only  for  any  one  given  morbid  process,  and  "  all 
other  things  being  equal,"  to  use  Erb's  appropriate 
phrase,  can  the  degree  of  RD  serve  as  a  means  of 
comparison,  as  an  indication  of  the  gravity  of  the 
lesions,  or  for  the  purpose  of  distinguishing  between 
slight  and  severe  forms. 

In  poliomyelitis  the  degree  of  RD  in  each  muscle 
reflects  the  intensity  of  the  corresponding  disturb- 
ance in  the  cord,  and  indicates  the  chances  of  functional 
recovery  in  each  of  them.  In  a  peripheral  paralysis 
caused  by  neuritis  of  known  nature,  the  degree  of 
RD  will  indicate  the  gravity  of  the  condition  and  its 
probable  duration.  There  could  be  no  better  example 
in  this  connection  than  that  of  peripheral  facial 
paralysis  a  frigore,  in  which  there  is  no  clinical  sign 
affording  evidence  as  to  the  gravity  of  the  oondition, 
and  the  degree  of  RD  is  the  only  source  of  information 
which  we  possess. 

It  is  unwise  in  any  other  condition  to  draw  definite 
conclusions  as  to  prognosis  from  electrical  data,  (1) 
before  allowing  RD  time  to  develop  {i.e.  before  the  end 
of  the  second  week  in  acute  cases,  such,  for  instance, 
as  traumatic  nerve  lesions),  (2)  before  having  followed 
the  evolution  of  RD  by  repeated  examinations,  either 
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in  order  to  decide  whether  it  is  proceeding  steadily 
towards  the  stage  of  absolute  inexcitability,  or  is 
tending  to  remain  stationary,  or  in  order  to  establish 
the  fact  that  a  partial  E,D,  which  should  be  a  favour- 
able sign,  is  not  actually  developing  into  complete 
RD,  which  would  indicate  that  the  causative  affection 
is  still  an  active  process.^ 

VIII.  The  Theory  of  the  Elementary  Reactions 
IN  THE  Reaction  of  Degeneration 

It  is  now  generally  agreed  that  the  paradoxical  combination  of 
faradic  inexcitability  and  galvanic  excitability  in  a  muscle  is  con- 
nected with  the  factor  of  duration  of  the  exciting  wave.  Currents 
consisting  of  short  waves,  such  as  the  faradic  current,  lose  the 
power  of  exciting  muscles  showing  the  reaction  of  degeneration, 
whereas  the  galvanic  current,  with  its  longer  wave,  does  not.  With 
means  of  diminishing  the  duration  of  the  galvanic  wave,  and  with 
discharges  from  condensers,  the  duration  of  which  is  a  function 
of  their  capacity,  these  facts  may  readily  be  verified. 

This  inabiUty  of  the  muscle  to  respond  to  short  waves  indicate! 
morphological  or  fiinctional  changes  which  it  is  the  business  of 
electro-physiology  to  explain. 

One  of  the  most  attractive  theories  hitherto  forthcoming  was 
formulated  by  Mile.  Joteyko.  It  is  founded  on  the  double  function 
of  the  muscle  as  related  to  its  structure.  Muscles  with  abundant 
sarcoplasm  (smooth  muscles)  would  be  only  slightly  excitable  by 
short  waves,  and  their  contraction  would  be  slow.  On  the  other 
hand,  muscles  rich  in  differentiated  (fibrillary)  substance  would 
respond  to  the  faradic  current  with  a  brisk  contraction.     In  patho- 


1  The  reader  will  not  be  surprised  at  not  finding  description* 
in  this  work  of  certain  electrical  syndromes,  such  as  the  myotonic 
reaction  of  Thomsen's  disease,  the  distinguishing  reactions  in  myo- 
pathies, and  the  symptomatic  myasthenic  reaction  of  Erb-Gold- 
flam's  disease. 

These  affections  are  relatively  rare  in  time  of  peace,  and  will 
obviously  only  occur  very  exceptionally,  if  at  all,  in  the  neurology 
of  war. 
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logical  conditions  giving  rise  to  RD,  there  would  be  in  some  sense 
a  return  to  the  embryonic  condition  by  disappearance  of  the 
differentiated  substance,  and  the  reactions  observed,  analogous  to 
those  of  smooth  muscle,  would  be  those  of  the  sarcoplasm. 

Galvanotonic  and  sustained  contractions  would  similarly  be 
modes  of  response  of  the  sarcoplasm. 

The  production  of  a  slow  contraction  apart  from  degeneration, 
notably  by  the  action  of  cold,  is  not  incompatible  with  this  theory 
if  we  admit  that  the  sarcoplasm  retains  its  excitability  at  low 
temperatures,  whereas  the  differentiated  substance  only  reacts 
within  certain  limits  of  temperature. 

An  objection  to  this  theory,  which  Mile.  Joteyko  fully  recognises 
as  valid,  lies  in  the  fact  that  the  excitability  of  the  sarcoplasm  is 
assmned,  although  no  experimental  proof  of  its  excitability  exists. 
It  is  difficult,  however,  to  deny  the  sarcoplasm  a  property  common 
to  all  undifferentiated  protoplasm. 

Another  interpretation  is  founded  on  histochemical  changes 
in  the  muscle. 

Cluzet  succeeded  in  obtaining  experimental  reaction  of  degenera- 
tion in  a  number  of  ways — by  injections  of  strophanthin  and  curare, 
in  muscular  fatigue,  and  in  experimental  anaemia  of  the  cord. 
Other  physiologists  have  produced  a  slowing  of  the  contraction 
in  the  frog  by  injecting  various  substances — caffeine,  veratrine, 
quinine,  etc.  Similarly,  Reiss  obtained  analogous  results  by  using 
solutions  of  potassiiun  and  ammoniima,  and  attributes  the  slowness 
of  contraction  observed  in  diseases  associated  with  cachexia  (dia- 
betes and  cancer)  to  a  change  of  toxic  origin  in  the  muscle  fibre. 

A  third  opinion  involves  Schiff's  conception  of  the  double  origin 
of  the  muscular  contraction.  The  latter  may  be  produced  either 
by  stimulation  of  the  nerve  fibres  and  nerve  endings,  in  which 
case  the  response  will  be  a  brisk  contraction  (Schiff's  neuro-muscular 
contraction),  or  by  direct  stimulation  of  the  muscle-fibre  itself 
(Schiff's  idio-muscular  contraction).  In  the  second  case  the  con- 
traction will  be  slow. 

Striimpell,  Babinski,  and  other  neurologists  have  come  to  regard 
the  question  in  this  light,  and  regard  the  phenomena  of  the  reaction 
of  degeneration,  and  particularly  the  slow  contraction,  as  the  normal 
response  of  a  muscle  separated  from  its  motor  nerve.  "  The 
reaction  of  degeneration,"  writes  Babinski,  "  is,  at  least  in  part, 
nothing  more  than  the  reaction  proper  to  the  muscle  fibre."  * 

1  Babinski,  Trav.  scient.,  Paris,  1912. 
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This  theory,  however,  compHcates  the  explanation  of  partial 
reaction  of  degeneration,  since  notwithstanding  the  preservation 
of  neuro-muscular  excitability  to  the  faradic  current,  the  muscle 
responds  by  a  slow  contraction  to  the  galvanic. 

Lapicque  i  returns  to  the  conception  of  a  loss  of  differentiation 
in  the  muscle,  following  a  nerve  lesion,  and  consequent  anatomical 
and  functional  similarity  to  smooth  muscle.  This  physiologist 
discards  the  sarcoplasm  hypothesis,  and  confines  himself  to  a 
consideration  of  the  slowing  of  the  contraction,  which  necessarily 
corresponds  to  a  diminution  of  the  quickness  of  excitability.  Faradic 
inexcitability  is  explained  by  the  fact  that  the  faradic  wave  is 
now  too  short  for  the  slowed  excitability,  whereas  the  galvanic 
current  exercises  its  effect  throughout  the  duration  of  the  excitable 
phase,  just  as  in  the  normal  state. 

The  inexcitability  of  the  nerve  is  due  to  the  fact  that  its  rapidity 
of  excitability  remains  unaltered,  whereas  that  of  the  muscle  is 
reduced.  Now  in  the  normal  state  the  rapidity  of  excitability  in 
nerve  and  muscle  are  equal  :  their  chronaxie  (see  p.  Ill )  is  the  same. 
This  isochronism  is  the  condition  of  transmission  of  the  stimulus 
from  the  nerve  to  the  muscle,  and  this  transmission  is  impossible, 
if,  as  in  a  pathological  condition,  the  rapidity  of  excitability  of  the 
muscle  is  reduced. 

Polar  inversion  has  also  been  differently  explained.  Wiener 
observes  that,  in  a  muscle  undergoing  degeneration,  excitabiUty 
gradually  diminishes  at  the  motor  point,  and  its  maximum  is  thus 
apparently  shifted  towards  the  extremities  of  the  muscle.  Under 
these  conditions  a  stimulus  applied  at  the  motor  point  would  be 
ineffective,  and  the  muscle  would  respond  to  the  virtual  pole  of 
opposite  sign  which  excites  it  at  its  periphery.  In  support  of  this 
theory,  Wiener  showed  that  inversion  can  readily  be  produced 
in  the  gastrocnemius  of  the  frog  by  alterations  in  the  muscular 
tissue  brought  about  by  certain  solutions.  The  physiological  law 
of  contractions  is  therefore  perfectly  compatible  with  RD,  and 
inversion  is  merely  an  apparent  modification  connected  with 
topographical  changes  in  excitability.  Wiener's  hypothesis  has 
the  advantage  of  explaining  at  the  same  time  both  the  displace- 
ment of  the  motor  point  and  the  habitual  preservation  of  the  normal 
formula  in  longitudinal  excitation. 

It  is  difficult,  however,  to  understand  why  certain  cases  of  partial 
RD,  in  which  preservation  of  the  excitability  of  the  motor  nerve 
indicates  a  relatively  moderate  degree  of  degeneration,  should  be 
accompanied  by  inversion,  and  conversely  why  cases  of  complete 

1  Lapicque,  Communication  orale. 
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RD,  exhibiting  advanced  muscular  degeneration,  should  present 
the  normal  formula.  These  are  contradictory  facts  which  the 
theory  leaves  unexplained. 

The  sarcoplasm  theory  is  an  explanation  of  polar  inversion. 
Smooth  muscle  would  normally  exhibit  inversion  of  the  formula. 
Pfliiger's  law  would  be  reversed  in  the  case  of  muscles  rich  in 
sarcoplasm.  The  closing  stimulus  for  undifferentiated  protoplasm 
would  be  produced  at  the  anode  (Mile.  Joteyko).  Degenerated 
muscle,  coming  to  resemble  smooth  muscle  in  structure,  would 
consequently  obey  the  same  law. 

This  theory,  however,  is  also  open  to  a  definite  objection.  How, 
in  fact,  can  it  be  explained  that  polar  inversion,  if  it  is  to  be  con- 
sidered characteristic  of  a  muscle  undergoing  degeneration,  is  not 
more  constant,  and  in  longitudinal  excitation  rarely  if  ever  present  ? 

It  will  be  seen  that  the  question  is  extremely  complex,  and 
that  all  the  suggested  explanations  have  their  we8kk  points. 

Is  the  question,  after  all,  one  of  chemical  change  in  the  muscle  ? 

In  animals,  particularly  in  the  frog,  the  normal  formula  may  be 
varied  by  impregnating  the  muscles  with  solutions  of  potassimn  or 
ammonium.  On  the  other  hand,  solutions  of  sodium  and  lithium 
cause  reversion  to  the  normal  formula.  It  has  therefore  been 
debated  whether  a  modification  in  composition  of  the  cell  proto- 
plasm, such  as  occurs  in  the  reaction  of  degeneration,  would  not 
have  the  effect  of  rendering  the  action  of  the  positive  pole  more 
powerful  than  that  of  the  negative.  According  to  Reiss,  the 
results  obtained  experimentally  by  Wiener  can  best  be  explained 
in  this  way,  since  in  impregnating  the  muscle  with  substances 
affecting  the  excitability  of  the  motor  point,  he  cannot  have  pre- 
vented their  diffusion,  and  assuming  the  absorption  of  toxic  sub- 
stances by  the  muscle  fibre,  his  theory  is  virtually  eqxiivalent  to 
the  theory  of  chemical  change. 


IX.   The  Adoption  of  a  Uniform  Technique 

Following  this  study  of  abnormal  electrical  reactions, 
we  propose  discussing  the  question  of  the  ambiguity 
of  terms  used  in  electro-diagnosis.  What,  for  instance, 
is  understood  by  great  faradic,  or  galvanic,  hypo- 
excitability,  expressions  which  are  currently  employed 
in  reports  for  medical  boards  ?     Beyond  what  limit 
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in  the  strength  of  current  used  does  galvanic  hypo- 
eiccitability  become  "  great "  ?  When  faradic  in- 
excit ability  is  deduced,  was  the  coil  employed  one  of 
fine  or  coarse  winding,  and  were  the  results  obtained 
by  the  unipolar  or  bipolar  method,  with  single  shocks 
or  the  tetanising  current  ?  And  was  there  actually 
inexcitability  to  all  these  forms  of  stimulus  ? 

It  certainly  seems  that,  were  an  understanding 
arrived  at  between  electrologists,  a  greater  degree  of 
precision  would  be  a  simple  matter  ;  the  terminology 
of  electro-diagnosis  would  become  a  uniform  language, 
capable  of  expressing  reactions  and  their  development 
in  more  exact  terms,  and  obviating  futile  scientific 
discussions  as  to  the  value  of  different  reactions 
described  imder  the  same  name. 

With  a  view  to  such  an  understanding,  we  suggest 
the  following  standards  : 

(a)  Testing  with  the  Faradic  Current. — It  should  be 
understood  that  all  faradic  tests  are  carried  out  with 
a  standard  type  of  coil  and  a  current  of  4  volts  in  the 
primary  circuit,  with  a  secondary  coil  of  fine  vnre, 
employing  the  tetanising  current,  by  the  bipolar  method. 
We  need  hardly  emphasise  the  importance  of  a  uni- 
form voltage  in  the  primary  circuit  for  comparing 
degrees  of  excitability.  A  coil  wound  with  fine  wire 
is  employed  because  strong  currents  are  sometimes 
required  in  testing  nerves  and  muscles  in  a  state  of 
hjrpo-excitability. 

With  standard  apparatus,  the  measurement  of 
variations  in   excitability  in  terms   of  the   distance 
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between  the  two  coils,  although  illogical,  would  be  a 
satisfactory  system. 

As  has  already  been  mentioned,  it  sometimes 
happens  that  a  nerve  or  muscle,  which  has  become 
inexcitable  by  the  tetanising  current,  may  yet  react 
more  or  less  to  single  shocks.  It  would  therefore 
be  well  to  agree  not  to  deduce  faradic  inexcitability 
imless  the  nerve  or  muscle  has  been  tested  by  both 
of  these  methods,  with  a  negative  result  in  each 
case.  The  expression  integral  inexcitability  might 
well  be  adopted  in  future  to  indicate  that  under  the 
technical  conditions  described  above,  excitability  is 
abolished  both  for  tetanising  current  and  single 
shocks. 

(h)  Testing  with  the  Galvanic  Current. — 1.  It  should 
be  understood  that  when  inversion  is  described  and 
no  details  are  specified,  inversion  at  the  threshold  is 
referred  to  :  strong  currents  should  be  mentioned,  if 
inversion  is  produced  by  them  and  not  otherwise. 

2.  Although  the  character  of  the  contraction  is  a 
matter  of  personal  observation,  we  consider  that 
three  degrees  should  be  distinguished  :  just  perceptible 
slowing y  slow  contraction y  and  very  slow  contraction. 
The  last  expression  should  refer  to  cases  in  which  the 
slowing  resembles  the  sluggish  reactions  observed  in 
lead  paralysis. 

3.  Describing  a  slow  contraction  as  unipolar  should 
be  understood  to  mean  that  the  slowing  is  only 
observed  at  anodal  closing,  a  common  circumstance 
in  early  stages  or  mild  forms  of  RD,  as  has  already 
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been   mentioned.     The   absence  of  this  term  should 
signify  that  the  contraction  is  slow  at  both  poles. 

4.  The  meaning  of  the  terms  relative  longitudinal 
hyper-excitahility  and  absolute  longitudinal  hyper- 
excitability  should  be  defined  as  already  stated  (see 
p.  65).  To  describe  the  combination  of  abolition  of 
the  excitability  at  the  motor  point  and  preservation  of 
longitudinal  excitability,  we  suggest  reviving  a  term 
which  has  fallen  partially  into  disuse,  viz.  the  remote 
reaction  of  degeneration,  or  DRd. 

5.  By  the  term  inexcitability  it  should  be  under- 
stood that  the  muscle  is  no  longer  excitable  by  cur- 
rents which  can  be  tolerated,  either  at  the  motor 
point  or  by  longitudinal  excitation. 

If  excitability  be  recovered  when  the  indifferent 
electrode  is  brought  near  to  the  active  electrode,  the 
words  "  except  with  the  bipolar  method "  might  be 
added. 

"  Inexcitability,  including  bipolar,''^  would  infer  the 
absence  of  response  to  any  current  that  could  be 
tolerated. 

X.    Electro-Diagnosis  with  Condensers 

In  the  course  of  several  preceding  chapters  we 
referred  to  the  imperfections  of  the  faradic  apparatus, 
particularly  the  use  of  varying  and  im-standardised 
instruments,  instanced  by  the  archaic  but  still  existing 
method  of  measuring  intensity  in  units  of  distance. 

Galvanic  technique  is  also  open  to  a  good  deal 
of  criticism.     Thus,^when  we  read  on  the  milliampere- 
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meter  what  we  call  the  liminal  intensity,  which  we 
have  adopted  as  a  measure  of  excitability,  we  are 
merely  recording  an  apparent  intensity  :  in  the  first 
place,  the  skin  masks  very  slight  muscular  contractions, 
and  we  are  therefore  not  measuring  the  actual  thres- 
hold ;  further,  since  the  current  diffuses  from  its 
point  of  entry  into  the  body,  the  zone  of  the  motor 
point  is  only  affected  by  a  fraction  of  the  total  in- 
tensity ;  the  action  of  the  neighbouring  tissues  in 
regard  to  this  fraction,  in  itself  effective,  is  that  of  a 
shunt.  Further,  the  intensity  recorded  by  the  milr 
liamperemeter  depends  on  various  factors — the 
resistance  of  the  circuit,  and  polarisation  in  the  tissues. 
Lastly,  as  was  observed  by  Doumer,  when  the  circuit 
of  stimulation  is  made,  the  fall  in  resistance  produced 
by  the  passage  of  the  current,  only  the  maximum  of 
which  is  indicated  by  the  milliamperemeter,  prevents 
our  observing  the  exact  moment,  and  consequently 
the  actual  intensity,  of  the  effective  stimulus. 

Without  going  as  far  as  to  urge,  with  Doumer,  that 
time  spent  in  this  way  is  absolutely  wasted,  we  cannot 
but  agree  that  the  present  method,  the  far  ado-galvanic, 
is  far  from  being  exact,  and  that  by  it  we  can  only 
expect  to  obtain  rough  measurements,  which  in 
practice  are  only  of  value  when  marked  changes  have 
already  taken  place. 

To  ensure  greater  accuracy,  a  number  of  electro- 
logists  have  attempted  substituting  the  use  of  con- 
densers for  the  classical  method. 

The    condenser,    which    had    already    been    used 
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extensively  in  physiology  (Chauveau),  was  first 
employed  in  a  systematic  way  for  purposes  of  electro- 
diagnosis  by  Czybulski  and  Zanietowski. 

1.  Condenser  Method  with  Variable  Charge. — We 
have  seen  that  the  duration  of  the  discharge  from  a 
condenser  is  proportional  to  its  capacity.  Conse- 
quently, if  two  condensers  of  different  capacity  be 
employed,  one  giving  a  short  wave  of  discharge  and 
the  other  a  long  wave,  the  system  is  analogous  to  the 
far  ado-galvanic,  the  short  wave  corresponding  to  the 
faradic  wave  and  the  long  wave  to  the  continuous 
current  wave. 

In  practice,  in  the  method  "  of  charging  to  variable  potential,** 
four  condensers,  of  0*0 1,  0*1,  1,  and  10  microfarads  are  used,  and 
for  each  capacity  the  voltage  is  increased  until  the  liminal  voltage 
is  obtained.  Thus,  for  instance,  tests  for  excitability  are  first 
carried  out  with  0*01  microfarad.  If  the  maximum  available 
voltage  (80  to  1 10  volts)  gives  a  contraction  with  this  low  capacity, 
the  capacity  of  10  microfarads  can  at  once  be  used  for  obtaining 
stimuli  with  long  waves.  In  cases  in  which  the  muscle  does  not 
respond  to  O'Ol  microfarad,  O'l  microfarad  is  tried.  When  the 
liminal  voltage  has  been  recorded,  further  tests  are  carried  out  as 
before,  with  10  microfarads.  If  0*1  microfarad,  corresponding  to 
short  waves,  is  without  effect  with  the  maximum  voltage,  1  micro- 
farad is  used,  and  so  on. 

Apart  from  the  fact  that  the  testing  apparatus  is  constant,  the 
principal  advantage  of  condensers  is  that  they  permit  a  more 
accurate  estimation  of  variations  in  excitability  with  short  waves. 
The  delicacy  of  the  method  enables  the  neurologist  to  follow  varia- 
tions in  voltage,  and  consequently  changes  in  the  electrical  reactions, 
more  closely  than  iitie  farado- galvanic  method  permits. 

In  spite,  however,  of  its  undeniable  advantages,  this  method  is 
open  to  objection,  in  that  it  is  somewhat  laborious.  It  is  generally 
regarded  as  too  complex,  and  comparatively  few  have  become 
adepts  with  it. 

2.  Method  of  the  Condenser  of  Variable  Capacity. — 

The  factor  of  the  duration  of  the  stimulus,  the  import- 
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ance  of  which  will  be  seen  in  the  next  paragraph, 
suggested  to  Cluzet  an  entirely  diifferent  method  from 
that  of  fixed  capacities,  founded  on  the  employment 
of  a  condenser  the  capacity  of  which  could  he  regulated. 

Described  by  the  author  for  the  first  time  in  1911,* 
this  method  is  in  use  at  the  electro-radiological  centre 
at  Lyon,  and  in  several  secondary  centres  in  the 
14th  Region. 

Its  principle  consists  in  determining  the  lowest 
capacity,  that  is  to  say  the  shortest  wave,  giving  the 
threshold  of  muscular  contraction. 

As  in  ordinary  electro-diagnosis,  the  method  concerns 
itself  with  the  form  of  the  contraction,  the  relative 
action  of  the  two  poles,  and  the  longitudinal  reaction. 

As  it  is  possible  to  utihse  a  long  series  of  waves 
intermediate  between  the  short  wave  given  by  the 
lowest  capacity  (equivalent  to  the  faradic  wave) 
and  the  long  discharge  (analogous  to  the  galvanic 
current),  a  whole  series  of  degrees  of  RD  can  be  dis- 
tinguished in  muscles  exhibiting  the  reaction,  which 
could  scarcely  be  differentiated  by  the  farado-galvanic 
method. 

In  certain  cases  of  very  marked  RD,  the  largest 
condenser,  the  duration  of  the  discharge  of  which  is 
too  short,  produces  no  effect.  Under  such  conditions, 
instead  of  employing  a  greater  capacity,  which  would 
render  the  apparatus  bulky  and  cumbersome,  an 
additional  resistance  is  introduced  into   the  circuit, 

1  Cluzet,  "M^thode  et  appareils  nouveaux  pour  r61ectro- 
diagnostic,"     Lyon  Med.,  Nov.  26th,  1914. 
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the  effect  of  which  is  to  lengthen  the  duration  of  the 
discharges  without  afEecting  the  actual  quantity  of 
electricity. 

The  following  is  a  brief  summary,  adapted  from 
Cluzet,  of  the  technique  of  the  method  employing  the 
condensers  of  variable  capacity. 

In  the  first  place,  the  value  of  the  normal  liminal 
capacity  with  the  voltage  used,  is  determined  by 
means  of  the  apparatus  described  on  page  14.  With 
110  volts,  normal  nerves  and  muscles  usually  respond 
to  approximately  0*02  microfarad,  the  indifferent 
electrode  being  100  sq.  cm.  in  area,  and  the  active 
electrode  1  sq.  cm. 

Hyper-excitability  and  hypo-excitability  are  then 
indicated  by  the  relation  between  the  capacity  giving 
the  threshold  and  the  capacity  of  0*02  microfarad. 

In  the  case  of  hypo-excitability  the  slowness  of  the 
contraction  wiQ  indicate  the  reaction  of  degeneration.^ 
If  the  muscles  exhibiting  this  hypo-excitability, 
together  with  slow  contraction,  are  still  excitable 
indirectly  through  the  motor  nerve,  partial  RD  will 
be  deduced.  If  they  are  not,  it  is  a  case  of  complete 
RD. 

When  no  response  can  be  obtained  with  any  of 
the  capacities,  additional  resistances  are  successively 
introduced  into  the  circuit.  Only  after  this  final 
test  can  the  absence  of  contraction  be  held  to  indicate 
inexcitability  of  the  muscle. 

1  It  should  be  observed  that  the  condenser  never  gives  the 
galvanotonic  reaction. 


Fig.  38. — I,  II,  III,  IV,  etc.,  are  curves  representing  the  discharges 
of  condensers  of  increasing  capacity  charged  to  the  same  poten- 
tial (V).  The  time  intervals  Oti,  Ota,  Otj,  are  proportional  to 
the  capacities  of  the  condensers  which  have  given  the  curves  I 
II,  III,  etc. 
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Fig.  39. — Condenser  method.  The  condenser  is  connected  to  the 
source  of  supply  when  the  Morse  key  is  depressed.  It  is  discharged 
through  the  patient  when  the  key  resumes  its  position  of  rest. 
At  E,  the  active  electrode  ;    at  E',  the  indifferent  electrode. 
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XI.    TRUE  EXCITABILITY— ITS  MEASURE, 
THE  CHRONAXIE 

The    Law    of   Excitation    and    the    Chronaxie. — The 

criticisms  brought  against  the  current  method  in 
electro-diagnosis  to  which  we  have  referred  above 
are  of  small  importance  by  comparison  with  a  funda- 
mental objection  of  a  different  nature.  The  electrical 
diagnosis  of  the  present  day  is  based  on  the  assumption 
that  the  property  of  tissues  known  as  excitability  may  be 
measured  in  terms  of  intensity. 

Now  although  it  is  true  that  in  practice  the  measure- 
ment of  excitability  in  terms  of  liminal  intensities,  a 
method  which  has  been  general  since  the  days  of 
Duchenne  and  Erb,  is  daily  of  the  greatest  clinical 
value,  is  not  this  system  of  measurement  purely  con- 
ventional ?  Is  excitability  reaUy  and  exclusively  a 
function  of  the  intensity  ? 

Is  it  not  also  peculiar  that  measurements  of  two 
forms  of  excitability,  faradic  and  galvanic,  should 
have  to  be  carried  out,  where  only  a  single  means  of 
stimulation  is  concerned  ? 

As  far  as  the  theory  of  excitability  is  concerned,  the 
problem  has  to  a  great  extent  been  solved  by  the 
work  of  certain  present-day  physiologists.^  The  diffi- 
culties of  measurement  in  practice,  however,  have 
not  yet  been  overcome. 

The  absence  of  response  to  the  faradic  current,  i.e. 
to  short  waves,  in  certain  pathological  conditions  of 

^  See  in  particular  :  Lapicque,  Soc.  de  biologie,  1909,  and  Revue 
generale  des  Sciences,  Feb.  1911,  and  Laugier,  These  de  Paris,  1912. 
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the  nerves,  might  have  been  expected  to  call  more 
attention  to  the  importance  of  the  factor  duration  in 
the  phenomena  of  stimulation. 

Engelmann  ^  was  the  first  of  the  physiologists  to 
comprehend  the  influence  of  the  time  occupied  by  the 
passage  of  the  current  on  the  phenomena  of  stimulation, 
and  to  regard  the  physiological  time  as  a  property  of 
the  tissue. 

It  was  not  until  much  more  recently  (1891)  that 
Hoorweg  stated  the  law  establishing  the  relation 
between  the  two  factors,  duration  and  intensity.  He 
observed  further,  with  the  condensers  which  he  was 
using,  that  with  a  certain  kind  of  discharge,  that  is 
to  say  with  a  stimulus  of  a  certain  duration,  the 
energy  reached  a  minimum.  The  corresponding 
duration  was  subsequently  considered  by  Waller  as  a 
characteristic  of  the  tissue  stimulated. 

The  study  of  the  law  of  excitation  and  the  effect  of 
the  duration  of  the  passage  of  the  current  was  again 
undertaken  by  Weiss.  Instead  of  employing  waves  of 
discharge  from  condensers  (Hoorweg),  Weiss  worked 
with  rectangular  waves  obtained  by  the  very  rapid 
make  and  break  of  a  continuous  current.  He  deduced 
the  following  law  from  the  results  of  his  experiments. 

An  electrical  stimulus  is  effective  only  when  a 
constant  quantity  of  electricity  is  employed,  increased 
by  a  variable  quantity  proportional  to  the  duration 
of  the  discharge. 

I     1  Engelmann, "  Beitr.  z.  allg.  Muskel.  u.  Nervenphysiol.,"  Pfliiger*8 
"^  Arc/*.,  t.  Ill  and  IV. 
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This  law  is  expressed  by  the  following  fornmla  : 
Q  =  a  +  6^ 

where  Q  represents  the  quantity  of  electricity  em- 
ployed, t  the  duration  of  the  current,  and  a  and  h 
two  coefficients  peculiar  to  the  tissue  concerned. 

The  exact  significance  of  these  two  coefficients  was 
at  first  not  understood.  Zanietowski  regarded  the 
coefficient  a  as  representing  the  initial  quantity  of 
electricity  required  to  charge  the  capacity  repre- 
sented by  the  tissues,  and  the  factor  h  as  the  intensity 
(varying  with  the  resistance  of  the  tissues  and  elec- 
trodes) of  the  continuous  current  passing  through  the 
body.  It  at  once  became  evident  that  a  and  h  under- 
went the  same  variations  in  all  the  experiments 
carried  out,  and  consequently  that  their  relation 
remained  practically  constant. 

Since,  in  Weiss' s  formula,  the  coefficient  a  is  a 
quantity,  and  the  coefficient  h  an  intensity  (since  6^, 
product  of   an  intensity  and  a  time,  is  a   quantity), 

the  quotient  -,  the  quotient  of  a  quantity  by  an  in- 
tensity, must  of  necessity  be  a  time.  This  time 
T  =  -  is  therefore,  in  the  same  way  as  a  and  &,  a  charac- 
teristic of  the  tissue  :  it  is  a  time  constant,  independent 
of  experimental  conditions. 

It  is  high  in  the  case  of  muscles  of  which  the  con- 
traction is  slow,  low  in  those  which  contract  rapidly, 
varjring  inversely  with  their  rapidity  of  excitability, 
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and  corresponding  exactly  to   Engelmann's  "  physio- 
logical time."     This  is  the  chronaxie  of  Lapicque. 

Briefly,  whereas  the  measurement  of  excitability 
by  the  ordinary  determinations  of  intensity  is  purely 
arbitrary   and   without   physiological   basis,   that   of 

the  relation  7  gives  a  constant,  proper  to  the  organ 

concerned  and  independent  of  any  other  factor. 

Measurement  of  the  Chronaxie. — The  measurement 
of  the  chronaxie  has  been  carried  out  in  physiology 
by  several  means.  The  simplest  procedure  (Lapicque) 
consists  in  determining  the  duration  of  the  stimulus 
required  with  an  intensity  twice  that  which  will  give 
the  threshold  contraction  when  a  current  of  prolonged 
duration  is  used.^  Hitherto,  however,  it  has  not 
been  possible  to  apply  any  of  the  procedures  employed 
in  physiology,  to  man. 

The  importance,  however,  from  the  clinical  point 
of  view,  of  possessing  a  simple  method  by  which  the 
rapidity  of  excitability  of  affected  nerves  and  muscles 
could  readily  and  rapidly  be  determined,  will  at 
once  be  understood. 

What  has  been  called  the  "effective  time'^  can  be 
estimated  to  some  extent  by  Cluzet's  method  of 
condensers  of  variable  capacity,  already  described. 
The  results  obtained  vary  as  the  chronaxie,  and  the 
method  may  therefore  be  regarded,  if  not  as  a  definite 
measurement,  at  least  as  affording  an  indication. 

^  This  intensity  of  a  current  of  indefinite  duration  giving  the 
threshold  was  designated  by  Lapicque  the  "  rheobase." 
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In  the  same  way  the  procedure  of  obtaining  the 
indices  of  rapidity  (Bourguignon  and  Laugier)  cannot 
be  said  to  give  a  measure  of  the  chronaxie,  but  affords 
corresponding  indications. 

The  principle  of  the  Bourguignon-Laugier  method 
is  to  determine  the  relation  between  the  quantities  of 
electricity  required  for  a  liminal  make  and  a  liminal 
break  stimulus,  in  the  case  of  a  given  nerve  or  muscle, 
the  same  apparatus  being  used  in  each  case.  It  has 
been  shown,  by  the  work  of  Mmes.  Lapicque  and 
J.  Weill,  that  the  relation  between  the  quantities 
corresponding  to  the  two  waves,  classes  nerves  and 
muscles  in  the  same  order  as  their  rapidity  of  excita- 
bility. 

in  applying  the  method,  a  coil  is  used  which  will 
readily  give  both  thresholds  ;  and  the  intensity  (in 
cms.)  of  each  of  the  two  waves  which  gives  the  threshold 
is  determined  by  successive  increases  in  the  closing 
current. 

The  opening  contraction  is  eliminated  by  a  special 
interrupter  while  the  closing  contraction  is  being 
tested  for,  the  opening  stimulus  being  extremely 
painful  to  the  patient  in  cases  where  the  threshold  for 
closing  stimuli  is  considerably  raised. 

If  the  equivalents,  in  quantities  of  electricity,  of 
values  in  centimetres  of  approximation,  have  already 
been  determined  (by  means  of  a  ballistic  galvano- 
meter), reference  to  these  will  give  the  quantitative 
relation  desired. 

This  relation  is  constant  for  any  given  muscle  ; 
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lor  the  majority  of  normal  muscles  it  is  in  the  neigh- 
bourhood of  16.  In  pathological  conditions  it  faUs 
more  or  less  below  this  figure. 

The  only  disadvantage  of  the  method  is  that  it 
can  only  be  applied  to  cases  in  which  faradic  excita- 
bility has  not  been  lost.  In  other  words,  it  cannot 
be  used  in  complete  RD.  It  is  true,  on  the  other 
hand,  that  it  can  be  used  to  follow  the  early  evolution 
of  RD  very  closely,  and  that  it  is  applicable  to  all 
cases  of  partial  RD. 

The  direct  measurement  of  the  chronaxie  was  at- 
tempted by  Cluzet  with  the  condenser,  and  effected 
by  Lapicque  by  means  of  his  chronaximeter. 

GluzeVs  procedure  consists  in  determining  which  of 
several  capacities  giving  the  threshold  wiU  give  it 
with  a  minimum  of  energy. 

A  potential-reducer  for  varying  the  charge  and  a 
voltmeter  to  record  the  potential  of  the  charge  are 
placed  in  the  circuit. 

The  threshold  voltage  is  determined  for  a  number 
of  capacities.  The  energy  expended  in  each  of  these 
cases  is  calculated  (E  =  CV*),  and  the  lowest  figure 
gives  the  optimum  capacity  C. 

The  measure  of  the  characteristic  of  excitability  is 
then  obtained  by  the  formula  : 

Characteristic  =  RC 

which,  as  will  be  seen,  necessitates  measurement  of 
the  resistance. 

Lapicque's    clinical    chronaximeter    is    a    rotatory 
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rheotome  recording  directly  the  passage  of  currents 
in  terms  of  absolute  time,  which  may  be  regulated  at 
will  from  a  thousandth  to  a  tenth  of  a  second. 

The  apparatus  consists  of  a  motor  system  and  an 
interrupter  system. 

The  motor  system  is  actuated  by  the  fall  of   a 


Fia.  40. — Lapicque's  chronaximeter. 

weight  P.  The  cord  by  which  this  is  suspended  is 
wound  on  a  spiral  conical  puUey,  the  axle  of  which 
therefore  revolves  with  an  acceleration  which  equals 
the  square  of  the  time.  A  needle  A,  mounted  per- 
pendicularly on  this  axle,  describes  an  arc  which 
records  the  graduation  of  the  apparatus  in  fractions 
of  a  second. 
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By  engaging  the  levers  C  and  CS  this  needle  suc- 
cessively makes  and  breaks  the  ordinary  galvanic 
circuit  of  an  electro-diagnosis  table,  in  which  the 
apparatus  is  placed.  By  increasing  or  decreasing 
the  distance  between  the  two  mechanisms  of  make 
and  break,  the  lapse  of  time  between  the  two  waves, 
or,  in  other  words,  the  duration  of  the  current,  can 
be  varied  at  will. 

To  use  the  chronaximeter,  the  galvanic  threshold  is 
first  tested  for  with  Courtade's  key ;  the  apparatus  is 
wound  up,  and  then  released.  Should  no  contraction 
occur,  the  duration  is  too  short.  By  gradual  further 
separation  of  the  contacts,  a  point  is  reached  at 
which  a  contraction  is  produced.  The  contacts  are 
then  approximated  until  no  further  contraction  occurs. 

This  minimum  distance  between  the  contacts  is 
then  read  off  on  the  circumferential  scale  of  the 
apparatus. 

This  figure,  however,  does  not  correspond  to  the 
chronaxie  itself,  since  the  apparatus  measures,  not 
the  chronaxie,  but  the  "  effective  time." 

The  effective  time  is  the  minimum  time  for  which 
the  key  of  an  interrupter  must  be  kept  down,  in  order 
to  obtain  the  threshold.  It  is  a  multiple  of  the 
chronaxie,  roughly  equal  to  ten  times  the  value  of 
the  latter. 

The  effective  time  for  the  human  muscle  is  about 
0-002  to  0-003  seconds  (chronaxie:  0^2  to  0%3), 
which  corresponds  to  close  approximation  of  the  two 
contacts. 
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In  the  pathological  state  the  distance  between  them 
is  increased. 

After  a  nerve  lesion,  a  muscle  exhibiting  signs  of 
definite  degeneration  by  ordinary  methods  gives  an 
effective  time  of  one-tenth  of  a  second  (chronaxie  : 
lOc)  or  even  longer,  i.e.  fifty  times  greater  than  the 
normal. 

In  cases  of  partial  RD,  intermediate  figures  are 
given,  indicating  chronaxie  of  1  or  2<r  to  lOo-,  according 
to  the  degree  of  degeneration. 

The  chronaximeter  fills  an  important  place  in 
electro-diagnosis.  The  simplicity  of  its  construction 
and  the  ease  with  which  it  can  be  manipulated  are 
a  guarantee  for  its  future.  Introduced  in  1915  by 
Lapicque,  its  use  is  being  studied  in  many  laboratories. 
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CHAPTER  III 

ELECTRO-DIAGNOSIS  IN   MOTOR  PARALYSES 

I.    Traumatic  Paralyses  of  Nerves 

The  motor  paralyses  due  to  changes  in  the  peripheral 
nerves  which  occur  in  the  pathology  of  war  are  due, 
either  to  traumatic  or  to  toxic  and  infective  causes. 

The  latter,  with  which  may  be  included  the  paralyses 
of  hitherto  undiscovered  cause  referred  to  as  rheu- 
matic, or  a  frigore,  are  of  a  purely  medical  character, 
demanding  medical  and  physiotherapeutic  treat- 
ment, and  do  not  involve  the  complex  problems  of 
traumatic  paralyses.  The  electrical  reactions  to 
which  they  give  rise  will  be  studied  in  a  later  chapter. 

In  the  category  of  traumatic  paralyses  we  shall 
introduce  in  the  first  place  paralyses  from  section, 
contusion,  and  stretching ;  ^  and  secondly,  paralyses 
from  continuous  and  prolonged  compression,  whether 
of  exogenous  origin  (aneurysm,  hematoma,  abscesses, 
splinters  of  bone,  callus,  involvement  in  scar  tissue, 
fibrous  bands,  etc.),  or  of  endogenous  origin,  as  in 
traumatic  neuroma. 

1  Further  causes  in  this  category  are  bums,  irritating  injections 
of  ether,  alcohol,  cocaine,  and  camphorated  oil,  either  into  the 
nerve  or  in  its  immediate  neighbourhood. 

117 
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This  etiological  classification,  though  necessarily  incomplete,  is 
clear  and  convenient,  but  does  not  always  correspond  with  cUnical 
experience. 

Gunshot  wounds  are  often  comphcated,  and  the  cause  of  the 
nerve  changes  is  not  certain.  In  open  wounds,  for  instance, 
whether  suppurating  or  clean,  and  in  compression  by  purulent 
accumulations,  we  cannot  determine  the  extent  of  the  part  played 
by  infective  neuritis,  which  is  sometimes  latent,  in  the  process 
causing  paralysis.  Similarly,  surgical  intervention  has  shown 
that  partial  division,  neuroma,  and  involvement  in  a  mass  of  scar 
tissue,  are  often  present  together  in  the  case  of  the  same  nerve. 

It  will  therefore  be  understood  that  each  of  these  conditions 
may  exercise  varying  degrees  of  effect  on  the  electrical  reactions. 

Differential  Diagnosis. — DifEerentiation  between  the 
traumatic  nerve  lesions  mentioned  above,  division, 
contusion,  and  compressions  of  all  kinds,  and  patho- 
logical conditions  of  a  hysterical,  reflex,  or  imaginary 
nature,  offers  no  difficulties  when  marked  changes 
in  the  electrical  reactions  have  occurred.  The  dis- 
covery of  profound  alterations  in  electrical  excita- 
bility, and,  a  fortiori,  of  the  existence  of  RD,  affords 
definite  information,  the  value  of  which  calls  for  no 
further  discussion. 

There  is  only  room  for  doubt  when  the  electrical 
reactions  are  only  slightly  modified  :  it  should  be 
remembered  that  the  absence  of  abnormal  reactions  is 
not  absolute  proof  that  the  nerve  is  unaffected.  Huet  ^ 
has  described  sHght  irritative  forms,  the  organic  nature 
of  which  is  estabhshed  by  the  distribution  of  the 
muscular  atrophy,  the  presence  of  definite  painful 
points,  and  sometimes  even  by  an  absent  or  feeble 

1  Huet,  "  Les  troubles  de  I'excitabiht^  61ectrique  des  nerfs  et 
des  muscles"  in  M.  et  Mme.  D6jerine  et  Mouzon,  Presse  medicale, 
August  30th,  1915. 
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tendon  reflex  in  a  case  where  electrical  examination 
reveals  no  appreciable  alteration  in  excitability  of 
either  nerves  or  muscles. 

Electrical  testing  may  seem  superfluous  in  many 
cases,  since  clinical  methods,  embracing  a  number  of 
cardinal  signs  and  a  large  variety  of  slighter  indica- 
tions which  recent  work  has  afforded  the  neurologist, 
generally  suffice  to  differentiate  between  organic  and 
functional  paralyses. 

In  spite  of  this,  the  electrical  method  should  in- 
variably be  applied,  in  the  first  place  because  it  verifies 
previous  conclusions,  an  additional  safeguard  against 
ever-present  possibilities  of  error ;  further,  because  it 
may  undeniably  lead,  in  some  cases,  to  reconsidera- 
tion of  a  hasty  or  even  apparently  weU-founded 
diagnosis ;  and  finally  because,  where  organic  lesions 
and  functional  disturbance  coexist,  it  is  almost  the 
only  means  we  have  of  defining  the  extent  of  each 
of  these. 

Similarly,  when  several  nerves  are  affected  at  the 
same  time,  the  electrical  reactions  indicate  in  what 
degree  each  is  involved. 

Evidence  afforded  by  Electro-Diagnosis  as  to  the  Nature 
of  the  Lesion. — In  the  case  of  a  wound,  when  the 
possibility  of  a  non- organic  cause  has  been  eliminated, 
the  principal  question  is  that  of  the  nature  of  the 
lesion  (division,  compression,  or  irritation),  since  it  is 
upon  this  that  the  form  of  treatment  depends  (physio- 
therapeutic, surgical,  or  expectant). 
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The  most  serious  possibility  in  a  motor  paralysis  is 
complete  division  of  the  nerve,  a  condition  which 
calls  for  surgical  intervention  and  suture. 

Now  numerous  observations  extending  over  the 
last  few  years  have  not  educed  any  infallible  clinical 
sign  of  nerve  division.  Similarly,  the  syndromes  of 
interruption  and  compression,  solidly  founded  as  they 
are,  admit  of  such  considerable  error  that  conclusions 
drawn  from  them  can  only  be  provisional. 

The  numerous  smaller  signs  recently  described, 
such  as  vaso-motor  disorders,  absence  of  sweat 
reactions,  hypotrichosis,  and  cicatricial  topo-parae- 
sthesia,  are  considered  valuable  indications  of  a 
serious  nerve  lesion,  but  afford  no  evidence  as  to 
its  nature. 

The  evidence  obtained  by  electrical  methods  is 
similarly  indefinite,  but  taken  in  conjunction  with 
the  clinical  signs  it  is  of  such  importance  that  no 
observation  omitting  reference  to  the  electrical  re- 
actions can  be  regarded  as  complete. 

Evidence  of  division  of  the  nerve  in  man  is 
afforded  by  the  complete  reaction  of  degeneration. 
Its  characteristics  require  no  further  description,  as 
this  particular  lesion  was  taken  as  the  type  in  the 
study  of  complete  RD  and  its  evolution. 

Every  case  of  nerve  section  is  therefore  charac- 
terised by  complete  E»D.  The  converse,  however,  is 
not  true ;  the  existence  of  RD  does  not  necessarily 
imply  that  the  anatomical  continuity  of  the  nerve  is 
broken,  or  that  the  lesion  is  incapable  of  repair.     Com- 
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pression  and  neuritis  may  also  give  rise  to  complete 
RD. 

Under  these  conditions,  what  is  there  in  the  intrinsic 
characters  of  the  reaction  of  degeneration  to  indicate 
the  nature  of  the  causative  lesion  ? 

Significance  of  the  Rapid  Evolution  of  RD. — A  fact 
of  which  sufficient  account  is  not  taken  in  electro- 
diagnosis  is  expressed  in  the  following  proposition : 
RD  is  always  in  continuous  evolution,  and  the  syn- 
drome of  that  name  is  merely  a  transitory  manifestation. 

The  elementary  reactions  which,  taken  together, 
are  said  to  constitute  the  reaction  of  degeneration, 
characterise  the  complete  reaction,  that  is  to  say  RD 
in  its  typical  phase. 

Now  this  typical  phase  is  preceded  by  an  initial 
period,  and  followed  by  a  terminal  period.  Obviously 
the  evolution  of  the  causative  lesion  will  control  the 
evolution  of  RD,  and  much  can  consequently  be 
gained  from  an  analysis  of  the  latter. 

A  single  electrical  examination,  revealing  partial 
or  complete  RD,  can  never  give  an  adequate  idea  of 
the  process  at  work.  If  the  full  possibilities  of  electro- 
diagnosis  are  to  be  utilised,  and  a  conclusion  as  to 
the  nature  of  the  paralysis  is  to  be  founded  on  as 
complete  a  series  of  indications  as  possible,  it  is  essen- 
tial to  follow  the  early  stages  in  the  evolution  of  RD 
as  closely  and  exactly  as  possible. 

RD  is,  in  fact,  best  compared  to  the  temperature  in 
pyrexia.     The  nature  of  a  fever  is  not  suggested  by 
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simply  taking  the  temperature  once ;  obviously,  to 
any  intelligence,  its  diagnostic  value  lies  in  its  varia- 
tions, and  therefore  in  the  whole  chart. 

The  practical  corollary  of  this  comparison  is  that 
it  is  absolutely  necessary,  in  cases  of  peripheral  nerve 
lesions,  to  undertake  repeated  electrical  examinations  ; 
in  fact,  to  carry  out  a  series  of  examinations  at 
regular  intervals.  The  most  interesting  and  important 
phenomena  are  possibly  those  developing  early,  during 
the  first  two  weeks  following  the  injury.  At  this 
period  an  initial  examination  is  particularly  instruc- 
tive. It  is  therefore  important  that  any  patient 
sujffering  from  a  motor  paralysis  should  immediately 
be  sent  where  a  weekly  examination  by  an  experienced 
electrologist  could  be  combined  with  the  treatment 
of  his  wound.  The  presence  of  a  wound  is  no  obstacle 
to  such  an  examination,  siuce  it  could  be  carried  out 
under  perfectly  aseptic  conditions. 

To  determine  whether  different  electrical  phenomena  follow 
division  and  compression  of  a  nerve,  it  was  natural  to  resort  to 
experimental  methods.  We  accordingly  resected  2  cms.  of  the 
right  sciatic  in  a  dog,  and  compressed  the  left  sciatic  with  a  non- 
absorbable ligature.  In  spite  of  the  serious  nature  of  these  lesions, 
the  animal  remained  paralysed  only  for  a  few  days.  At  the  end 
of  the  first  week  it  appeared  entirely  to  have  recovered  the  use 
of  the  two  paws.i 

The  electrical  reactions  were  tested  every  week  for  about  five 
weeks  ;  on  two  occasions  the  nerve  and  muscle  were  exposed  and 
stimuli  applied  directly.  The  following  were  the  principal  observa- 
tions : 

On  the  right  side  (nerve  divided),  the  peripheral  end  of  the 


^  This  paradoxical  phenomenon  is  well  known  to  physiologists, 
and  indicates  a  peciiliar  power  of  rapid  replacement  and  adaptation 
in  the  dog. 
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sciatic  was  no  longer  excitable.  Stimulated  at  the  motor  point, 
the  internal  portion  of  the  gastrocnemius  (which  was  selected  for 
testing)  showed  towards  the  tenth  day  a  marked  galvanotonic 
contraction,  without  inversion  of  the  formula.  Stimulated  in  the 
region  of  the  tendon,  hyper-excitability  appeared  rapidly,  with 
slow  contraction  and  inversion.  Later,  excitability  diminished 
at  the  motor  point.  The  galvanotonic  contraction  persisted,  but 
was  only  given  by  stronger  currents.  Inversion  of  the  formula 
occurred.  The  manifestations  of  longitudinal  excitabiUty  persisted 
in  the  form  of  a  slow  contraction  with  inversion. 

On  the  left  side  (compression),  the  nerve  could  still  be  excited 
above  the  lesion.  The  contraction  was  at  first  only  tonic  at  anodal 
closing  ;  later,  both  poles  gave  a  galvanotonic  contraction.  Hyper- 
excitability  was  shown  particularly  by  the  great  ease  with  which 
the  KC  contraction  was  obtained.  Inversion  was  not  observed 
at  any  period.  In  longitudinal  excitation,  the  KC  contraction 
appeared  slow  and  the  AC  tonic  :  there  was  no  inversion,  but  a 
nearer  approach  to  equality  of  the  KC  and  AC  thresholds  than 
normally. 

Briefly,  compression  was  followed  by  a  slower  evolution,  a  more 
marked  stage  of  hyper-excitability,  and  the  absence  of  inversion. 

It  goes  without  saying  that  the  reactions  observed  in  this  experi- 
ment would  not  necessarily  be  reproduced  in  similar  experiments. 
They  would  chiefly  depend  on  the  nature  and  degree  of  the  com- 
pression, developing  differently  in  cases  of  slight  compression, 
whereas  in  rapid  and  severe  compressions  they  would  be  prac- 
tically equivalent  to  experimental  section,  and  give  rise  to  an 
electrical  syndrome  identical  with  that  produced  by  division  of 
the  nerve. 

In  the  case  of  wounds,  immediate  section,  that  is 
to  say  by  a  projectile  in  action,  is  followed  by  a  rapid 
evolution  of  the  electrical  reactions. 

The  initial  phase  of  RD  (characterised  by  progres- 
sive diminution  of  faradic  and  galvanic  excitability 
in  the  nerve,  progressive  diminution  of  faradic  excita- 
bility, galvanic  hyper-excitability,  and  then  hypo- 
excitability,  in  the  muscle,  and  a  tendency  to  slower 
contraction),  assumes  an  acute  aspect,  and  extends 
over  two  or  three  weeks.     At  the  end  of  this  time 
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the  typical  phase  of  the  complete  reaction  of  degenera- 
tion appears ;  the  nerve  has  become  inexcitable,  and 
the  muscle  does  not  respond  to  the  faradic  current, 
but  the  galvanic  causes  a  contraction  which  is  either 
slow  or  tonic. 

This  acute  evolution,  taken  in  connection  with  the 
theory  of  its  causation,  observation  of  the  track  of  the 
projectile,  the  manner  of  onset  of  the  paralysis  (com- 
plete immediate  paralysis),  and  the  initial  pain 
(fulgurant  pain),  suggests  a  strong  probability  that 
the  nerve  has  been  severed. 

It  is  nothing  more,  however,  than  a  prohahility,  for 
the  same  acute  syndrome  may  foUow  simple  violent 
contusion  of  the  nerve,  or  severe  compression  by  a 
splinter  of  bone  or  haematoma. 

More  commonly  the  case  is  not  examined  until 
several  weeks  or  months  afterwards,  and  if,  at  this 
time,  the  patient  no  longer  remembers  the  early  cir- 
cumstances connected  with  his  wound,  the  problem  is 
a  much  more  difficult  one.  There  is  nothing  to 
indicate  whether  the  paralysis  follows  from  division  of 
the  nerve,  severe  and  sudden  compression,  slow  com- 
pression, or  neuritis.  It  is  impossible  to  reconstitute 
the  evolution  of  the  electrical  reactions.  We  are 
faced  with  RD  in  its  typical  phase,  and  none  of  its 
characters  indicates  its  mode  of  development,  whether 
acute  or  slowly  progressive. 

In  animals,  after  section  of  a  nerve,  the  progressive 
evolution  of  RD  terminates  ultimately,  after  several 
months,  in  absolute  inexcitability.     The  muscle  ceases 
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to  respond  to  longitudinal  stimulation  and  so  on, 
even  with  the  strongest  currents. 

In  man,  absolute  inexcitability,  observed  some 
weeks  after  the  injury,  is  an  extremely  serious  sign, 
indicating  severe  lesions  of  the  nerve  and  muscle,  but 
not  necessarily  implying  severance  of  the  nerve. 

On  the  other  hand,  persistence  of  excitability  in 
the  muscle  (longitudinal  excitation)  for  several  months, 
does  not  always  mean  that  the  nerve  has  not  been 
severed.  In  man,  the  typical  phase  of  RD  is  con- 
tinued for  much  longer  than  in  the  animal,  and  the 
stage  of  inexcitability  may  not  be  reached  for  many 
months. 

The  Reaction  of  Conductivity. — The  physiologist 
Schiff,  in  experimenting  on  nerve  compression,  ob- 
served that  nerves  which  were  no  longer  excitable 
by  electric  stimuli  applied  below  the  point  of  com- 
pression, continued  nevertheless  to  respond  to  stimuli 
above  that  point. 

This  physiological  phenomenon  of  the  individual 
character  of  the  two  nerve  functions,  excitability  and 
conductivity,  is  seen  again,  as  we  have  noted,  under 
different  conditions — those  of  electro-diagnosis.  Erb 
in  particular,  emphasises  it  strongly  in  connection 
with  regeneration  of  the  nerve  (see  p.  139). 

The  peculiar  condition  of  continued  excitabihty 
above  the  lesion  in  nerve  injuries  was  recognised  by 
Claude,  Vigouroux,  and  Dumas,^  who  observed  it  in 

1  Claude,  Vigouroux,  and  Dumas,  "  Cent  cas  de  lesions  traiuna- 
tiques  des  nerfs  des  membres,"  Presse  Med.,  March  4th,  1916. 
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a  number  of  their  cases.  Battez  and  Desplats,^ 
however,  availing  themselves  of  Schiff's  discoveries, 
have  been  chiefly  instrumental  in  proving  the  diagnostic 
value  of  conductivity,  basing  their  conclusions  on 
numerous  observations. 

If  two  faradic  electrodes  be  applied  close  together 
immediately  above  the  lesion,  in  a  nerve  whose  excita- 
bility below  this  point  is  abolished,  stimulation  may 
be  ineffective,  or,  on  the  other  hand,  it  may  provoke 
contraction  in  muscles  situated  distal  to  the  lesion. 
In  the  latter  case,  the  nerve,  although  its  excitabihty 
is  lost,  has  not  lost  its  conductivity.  This  persistence 
of  conductivity  is  absolute  proof  that  the  continuity  of 
the  nerve  is  not  broken,  and  renders  the  diagnosis  of 
section  inadmissible.  Here  again,  however,  the  con- 
verse is  not  true  ;  absence  of  the  conductivity  reaction 
does  not  necessarily  mean  that  the  nerve  is  severed. 

Battez  and  Desplats  observe  that  the  reaction  of 
conductivity  may  be  tested  for  by  bipolar  faradic 
stimulation,  and  when  this  is  without  effect,  by 
bipolar  galvanic  stimulation.  This  procedure  revealed 
the  reaction  of  conductivity  in  several  cases  which 
gave  negative  results  on  faradic  stimulation,  and  in 
which,  therefore,  the  continuity  of  the  nerve  would 
not  otherwise  have  been  proved. 

The  Reaction  of  Inversion. — It  follows  theoretically 
from  the  results  of  experiments  that  inversion  is  an 

1  Battez  and  Desplats,  "  Excitability  et  conductibilit6  dans  les 
traumatismes  du  nerf  oar  blessure  de  guerre,"  Bull.  Ac.  Med., 
January  ISth,  1916. 
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integral  part  of  the  syndrome  following  complete 
nerve  section.  It  appears  also  to  have  been  observed 
in  all  actual  cases  of  complete  section,  as  verified  by 
operation. 

According  to  Bourguignon,  when  there  is  no  inver- 
sion at  the  threshold,  the  hypothesis  of  severance 
should  be  abandoned.^ 

Inversion  is  not,  of  course,  a  specific  reaction  in 
nerve  section  ;  it  is  observed  in  other  cases  (exogenous 
and  endogenous  compressions). 

The  Distribution  of  the  Reactions. — Another  sign 
of  complete  severance  is  that  the  electrical  reactions 
are  modified  in  the  same  degree  throughout  the  region 
suppUed  by  the  nerve.  In  cases  of  partial  severance, 
however,  and  in  certain  compressions,  the  abnormal 
reactions  are  distributed  unequally  among  the  different 
muscles ;  in  the  latter  case,  the  faradic  reactions  of 
the  muscles  are  usually  absent ;  but  whereas  certain 
muscles  give  a  brisk  contraction  on  galvanic  stimula- 
tion, in  others  the  contraction  is  slow.  Pierre  Marie, 
Gosset,  and  Meige  ^  have  shown  that  the  fibres  supply- 
ing different  groups  of  muscles  may  be  isolated  by 
direct  excitation.  It  wiU  be  evident  that  partial 
severance,  or  a  neuroma  in  contact  with  the  nerve, 
may  affect  certain  muscles  to  the  exclusion  of  others. 

This  sign  is  of  particular  value  in  injuries  of  the 

1  "  Les  proc6d63  modemes  d'61ectrodiagnostic,"  Cong,  de  V  A, 
F.  A.  S.,  Le  Havre,  1914. 

*  P.  Marie,  Gosset,  and  Meige,  "  Les  localisations  motrices  dans 
les  nerfs  periph^riques,"  Bull.  Ac.  de  Med.,  December  28th,  1915. 
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median  and  ulnar  nerves,  which  are  frequently  con- 
nected with  multiple  wounds ;  its  value  is  less  in  lesions 
of  the  radial  and  external  popliteal  (Mme.  Benisty  ^). 

Differential  Signs  in  Severe  Lesions. — It  will  be  under- 
stood from  the  foregoing  that  there  is  no  definite 
and  specific  sign  indicating  the  nature  of  the  nerve 
lesion.  Conclusions  can  only  be  drawn  from  a  group 
of  reactions,  certain  of  which  are  definite  evidence 
that  the  nerve  is  not  severed,  and  others  strongly 
suggest  that  it  is. 

A.  Reactions  indicating  continuity  of  the  nerve  : 

1.  Incomplete  RD  or  modifications  of  excitability 

(quantitative  only). 

2.  Absence  of  one  of  the  secondary  signs  of  complete 

E»D ;  absence  either  of  longitudinal  hyper- 
excitability  or  of  slowing  of  the  KC  con- 
traction at  the  motor  point. 

3.  The  reaction  of  conductivity. 

B.  Reactions  suggesting   (but  in  no   case  proving) 

division  of  the  nerve. 

1.  Acute  evolution  of  RD. 

2.  Absence  of  the  reaction  of  conductivity. 

3.  Inversion  at  the  threshold. 

4.  Distribution  of  the  same  degree  of  RD  through- 

out any  given  region. 

6.  Persistence  of  hyper-excitability  only  in  longi- 
tudinal excitation. 

6.  Rapid  development  of  absolute  inexcitability. 

*  Mme.  Athanasio  Benisty,  Traitement  et  restauration  dea  litions 
des  nerfe,  Paris,  Masson,  1917. 
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In  reality,  apart  from  cases  in  which  the  develop- 
ment of  the  reactions  is  acute  and  immediate,  accom- 
panied by  a  clinical  history  suggesting  that  severance 
has  occurred,  the  reactions  enumerated  in  the  second 
category  indicate  the  existence  of  a  severe  lesion  of 
the  nerve,  functionally  equivalent  to  actual  severance. 

Neuromas  and  severe  compressions  may  give  these 
reactions  in  the  same  way  as  division  of  the  nerve, 
and  consequently  the  question  of  the  nature  of  the 
lesion  may  remain  undecided ;  such  a  case,  where 
electrical  tests  reveal  a  serious  state  of  affairs,  requires 
operative  treatment,  at  least  of  an  exploratory  nature. 

On  the  other  hand,  the  reactions  in  the  first  cate- 
gory, indicating  continuity  of  the  nerve,  and  more 
particularly  suggesting  exogenous  or  endogenous 
compression  or  neuritis,  afford  a  reasonable  hope  of 
spontaneous  recovery,  and  indicate  appropriate  medical 
treatment.  Only  in  the  case  of  aggravation  of  the 
clinical  and  electrical  signs  is  an  operation  necessary. 

Discrepancies. — In  several  cases  it  has  been  ob- 
served with  some  surprise  that  the  electrical  reactions 
do  not  appear  to  correspond  with  the  clinical  signs  or 
with  the  gravity  of  the  lesion  revealed  by  operation. 

In  two  cases,  for  instance,  of  sciatic  paralysis  with 
marked  KD,  Basset,^  after  minute  examination,  could 
find  no  visible  lesion  of  the  nerve.  In  regard  to  the 
possible  objection  that  this  lesion  might  have  escaped 
him,  he  avers  tjiat  the  macroscopic  appearance  gave 

*  Basset,  Rev.  de  chir.,  April  and  May  1916. 
9 
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no  suggestion  of  injury  to  the  nerve  at  any  point ; 
hence  he  was  forced  to  deduce  simple  contusion  com- 
plicated by  a  profound  state  of  stupor. 

Cases  of  this  nature,  where  in  spite  of  obvious 
clinical  signs  and  greatly  changed  electrical  reactions, 
an  operation  reveals  only  lesions  apparently  inade- 
quate to  explain  these  phenomena,  are  extremely 
rare  in  our  experience.  It  seems  likely  that  neuritis, 
in  the  inflammatory  sense  of  the  word,  is  a  factor 
which  affects  the  electrical  reactions  more  often  than 
is  supposed. 

On  the  other  hand,  cases  have  been  described  where, 
in  spite  of  extensive  or  severe  compression,  giving 
rise,  previous  to  operation,  to  serious  organic  dis- 
orders, muscular  atrophy,  etc.,  excitability  was  foimd 
to  be  merely  diminished,  or  even  unaltered  ;  in  explana- 
tion it  was  suggested  that  the  nerve  might  acquire  a 
kind  of  tolerance  or  power  of  adaptation  to  compres- 
sion. 

This  absence  of  changes  in  the  electrical  reactions 
in  a  case  of  evident  compression  with  trophic  or  motor 
disturbance,  should,  however,  be  regarded  as  an 
exceptional  occurrence.  When  it  does  exist,  it  should 
be  remembered  that  preservation  of  the  electrical 
reactions  may  possibly  be  accounted  for  by  some 
anastomosis  or  abnormal  innervation  (see  p.   151). 

There  is  really,  however,  no  question  of  tolerance 
in  regard  to  electrical  reactions. 

Tolerance  or  adaptation,  in  as  far  as  the  clinical 
signs  are  concerned,  may  undeniably  occur.     Ombr6- 
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danne  has  recently  published  an  undoubtedly  authentic 
case  of  it.^  An  operation  had  been  necessitated  by 
an  entirely  different  condition,  and  the  radial  nerve 
was  found  to  be  involved  in  a  large  mass  of  scar  tissue. 
There  had  been  no  functional  disturbance  to  suggest  a 
compression  of  the  nerve. 

According  to  Ombredanne,  cases  of  this  kind,  where 
considerable  lesions  give  rise  to  no  disorder  of  function, 
are  decidedly  rare. 

Our  experience,  however,  in  carrying  out  numerous 
electrical  examinations  for  the  purposes  of  Medical 
Boards,  obliges  us  to  take  the  opposite  view.  On 
many  occasions  we  have  discovered  changes  in  the 
electrical  reactions,  indicating  a  more  or  less  severe 
nerve  lesion,  in  patients  with  no  sign  of  motor  or 
trophic  disorders.  Cases  in  which  some  anomaly  in 
the  muscular  reactions,  as  revealed  by  electrical 
methods,  indicates  a  compression  not  clinically  recog- 
nised, are  still  of  relatively  frequent  occurrence. 

The  Reactions  of  the  Exposed  Nerve. — If,  before  an 
operation,  electrical  examination  has  afforded  no 
definite  conclusion,  would  not  electrical  testing  on  the 
operating-table  afford  more  precise  information  as  to 
the  functional  value  of  the  injured  nerve  ? 

This  procedure  would  be  unnecessary  in  a  case  of 
"  discontinuous  "  section  of  a  nerve,  as  Claude  has 
expressed  it,  where  the  two  cut  extremities  have 
become  more  or  less  widely  separated.     It  would  be 

*  Ombredanne,  800.  chirurgie,  March  28th,   1917. 
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equally  unnecessary  if  a  structure  easily  removed 
were  found  to  be  causing  compression,  such  as  a  band 
of  scar  tissue,  or  an  accumulation  of  blood,  etc.  On 
the  other  hand,  in  the  case  of  a  neuroma,  a  nerve 
keloid,  or  a  fibrous  connection,  a  conclusion  must  be 
drawn  at  once,  as  the  surgeon  must  decide  whether 
the  continuity  of  the  nerve  is  or  is  not  interrupted, 
whether  it  is  advisable  not  to  interfere,  or  whether,  on 
the  contrary,  he  should  boldly  divide  and  trim  it, 
and  oppose  and  suture  the  two  extremities. 

Electro-diagnosis  in  an  operation  wound,  formerly 
practised  by  Bergonie,^  was  exhaustively  studied  by 
Pierre  Marie  and  Meige."  The  exposed  nerve  is  tested 
with  the  faradic  current  by  means  of  a  silver  or  plati- 
num bipolar  electrode  (single  shocks  from  a  coil  of 
coarse  winding).  If  excitability  is  preserved,  Pierre 
Marie  and  Meige  advise  simply  trimming  and  freeing 
the  nerve  from  neighbouring  adherent  or  bony  struc- 
tures. If,  on  the  other  hand,  faradic  excitability, 
both  above  and  below  the  lesion,  is  abolished,  and  at 
the  same  time  "  section  or  marked  flattening  with 
an  indurated  neuroma  occupying  the  whole  thickness 
of  the  nerve"  is  discovered,  the  small  chances  of 
ultimate  recovery  of  function  suggest  excision  of 
the  altered  segment  and  suture  of  the  two  ends.     A 

1  Bergonie  and  G.  de  Fleury,  "  Paralysie  radial  grave  par  con- 
tusion 16gere.  Electrodiagnostic  sur  le  nerf  mis  ^  nu  et  sous 
chloroforme.  Pronostic  defavorable,"  Arch.  d'Electr.  Med.,  Jan- 
uary 1901. 

'  Pierre  Marie  and  Meige,  "  l^lectrisation  du  nerf  mis  k  nu,"  Bull. 
Acad.  Med.,  February  9th,  1916. 


I 


MOTOR  PARALYSES  133 

less  serious  lesion  will  require  only  a  conservative 
operation. 

The  method  of  P.  Marie  and  Meige,  based  on  the 
condition  of  faradic  excitability,  is  therefore  to  differ- 
entiate, in  the  wound,  between  partial  and  complete 
RD  :  in  the  former  case,  the  operation  will  be  merely 
one  of  freeing  from  surrounding  structures  ;  in  the 
latter  it  will  depend  upon  the  macroscopic  appearance 
of  the  nerve  lesion. 

L6ri  ^  applied  electrical  methods  in  the  wound  in 
72  cases  of  nerve  injury.  Of  these  72  cases,  in  8  he 
found  total  "  discontinuous  "  section,  and  absence  of 
faradic  excitability;  in  15  "continuous"  section, 
that  is  to  say,  with  a  bridge  of  cicatricial  substance, 
adherent  to  the  neighbouring  tissues.  In  all  these 
cases,  as  might  be  expected,  there  was  no  faradic 
response. 

In  24  cases  in  which  the  nerve  was  macroscopically 
intact,  and  merely  more  or  less  adherent  to  neighbour- 
ing tissues,  the  faradic  response  was  given  in  23. 

The  faradic  response  in  neuromas,  however,  is 
variable,  sometimes  positive,  sometimes  negative. 

In  16  cases  of  nodular  neuroma  centred  in  the  axis 
of  the  nerve,  8  showed  faradic  conductivity,  which  is 
absolute  proof  of  the  continuity  of  the  axis-cyhnders ; 
8  had  lost  it.  Lastly,  of  9  cases  of  lateral  neuroma, 
in  8  there  was  no  response  in  the  region  corresponding 
to  the  situation  of  the  neuroma. 

*  L6ri,  "  L' Electrisation  directe  des  tisaus  nervetix  au  cours  dea 
interventions  pour  blessuresdesnerfs,"  Paris  Med.,  June  26th,  1915. 
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It  follows  from  these  observations  that  for  purposes 
of  deciding  at  the  last  moment  whether  a  nem-oma  is 
permeable  by  stimuli,  the  method  offers  certain  advan- 
tages. 

Similarly,  a  further  purpose  would  be  to  verify  the 
results  of  preliminary  transcutaneous  testing,  and  to 
indicate  the  exact  condition  in  cases  of  doubt  as  to 
the  preservation  of  excitability  or  faradic  conductivity 
in  the  nerve.  Lastly,  in  some  cases  where  pronounced 
oedema  or  adiposity  interfere  with  the  usual  electrical 
examination,  direct  testing  of  the  nerve  will  complete 
our  knowledge  of  the  reactions. 

Tinel,  however,  criticises  the  procedure  on  the 
ground  that  it  may  lead  to  the  resection  of  a  nerve 
in  process  of  spontaneous  regeneration.  Faradic 
excitability  is  absent  in  the  initial  stages  of  repair, 
and  remains  so  until  the  power  of  voluntary  move- 
ment returns,  and  consequently  in  relying  on  this 
factor  alone  there  would  be  considerable  danger  of 
resecting  motor  fibres  in  which  the  process  of  re- 
generation was  far  advanced.^ 

The  Return  of  the  Electrical  Reactions. — There  is 
no  doubt  that  serious  cases  of  paralysis  have  been 
known  to  improve  under  persevering  medical  treat- 
ment.' 

Some    authors,    in    anticipation    of    spontaneous 

1  Tinel,  Lea  bleasurea  des  nerfa,  Masson,  1916. 
'  Tinel  noted  improvement  in  60  to  70  pe»  cent,  of  nerve  lesions 
examined  8  to  10  months  after  the  original  injm*y. 
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recovery,*  go  so  far  as  deliberately  to  avoid  any 
attempt  at  treatment. 

Of  the  physiotherapeutic  treatment,  the  galvanic 
bath,  from  its  circulatory  effects,  the  continuous 
current,  from  the  sclerolytic  effects  of  the  negative 
pole,  the  value  of  which  one  of  the  present  writers 
has  continually  emphasised  in  the  past,^  the  intro- 
duction of  certain  anions  (iodide  of  potassium '), 
which  is  doubtless  merely  a  variation  of  the  processes 
of  electric  sclerolysis,  and  lastly  radiotherapy,*  have 
to  their  credit  a  large  proportion  of  favourable  results 
which  should  certainly  be  taken  into  consideration. 

Hitherto,  however,  the  repair  of  anatomical  nerve 
lesions  has  more  frequently  been  attempted  by  surgical 
methods. 

The  freeing,  by  surgical  means,  of  nerves  under- 
going compression,  enclosed  in  a  mass  of  scar  tissue, 
involved  in  a  callus,  or  displaced  and  stretched  by  a 
ridge  of  bone,  is  generally  followed,  after  a  variable 
interval,  by  recovery  of  function.  With  sutures, 
however,  it  is  a  different  matter,  to  judge  by  statistics 
hitherto  published.  Before  the  war,  it  was  customary 
to  suture  divided  nerves  as  soon  as  possible,  and  the 

*  Huet  mentions  a  case  of  spontaneous  recovery  of  a  radial 
paralysis  following  a  fracture  of  the  radius.  An  operation  was 
about  to  be  undertaken  when  in  three  days  a  remarkable  improve- 
ment occurred. 

'  Zimmem  and  Cottenot,  "  La  scl^rolyse  61ectrique,"  Preaae 
Medicate,  June  25th,  1910. 

'  Chiray  and  Bourguignon,  "  L'ionisation  des  cicatrices  de 
guerre,"  Presae  Med.,  August  3rd,   1916. 

*  Hesnard,  "  Le  traitement  local  et  la  radioth6rapie  locale  des 
blessures  des  troncs  nerveux,"  Arch,  d'^lect.  Med.,  January  1916. 


136         ELECTRO-DIAONOSIS  IN   WAR 

operation,  being  aseptic,  was  frequently  followed  by 
functional  recovery  a  few  months  later.  Gunshot 
wounds  being  generally  infected,  it  became  necessary 
to  postpone  nerve  suture,  a  condition  of  affairs  which 
was  the  more  unfavourable  because  the  muscles  sub- 
sequently became  the  site  of  more  advanced  trophic 
changes. 

In  spite  of  this,  good  results  have  been  obtained  in 
a  number  of  cases,  though  always  after  an  interval 
of  many  months. 

It  is  true  that  cases  of  almost  immediate  motor 
recovery  have  been  recorded  (by  Cazamian^  in  France, 
and  by  Lcewenstein  ■  in  Grermany,  etc.).  These  results 
could  scarcely  have  been  hoped  for,  since  it  is  known 
that  after  section  of  a  nerve,  the  peripheral  end 
degenerates  throughout  its  entire  length,  and  direct 
regeneration  is  only  possible  when  the  axons  of  the 
proximal  have  penetrated  the  peripheral  end. 

Nerves  possess  a  definite  individuality  (Dumas) 
from  the  point  of  view  of  the  rapidity  and  complete- 
ness of  their  functional  restoration.  The  progress 
of  the  regeneration  varies  even  with  the  height  of  the 
lesion,  ior  the  reason  that  the  axis-cylinders  have  a 
greater  or  lesser  distance  to  traverse.     The  radial  is 

^  Cazamian,  "  Sur  trois  cas  de  suture  nerveuse  suivie  de  r6tab- 
lisaement  des  fonctions  du  nerf,"  Soc.  chirurgie,  November  24th, 
1916. 

*  Lcewenstein  {Miinch.  Med.  Woch.,  1916,  No.  39)  describes  a 
suture  of  the  radial  nerve  performed  fifteen  days  after  its  division. 
On  the  tenth  day  after  the  operation,  the  power  of  movement 
was  completely  recovered  ;  on  the  thirty-seventh  day  the  electrical 
reactions  were  normal. 
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the  nerve  in  which  the  process  of  repair  is  most  rapid  ; 
function  is  sometimes  recovered  in  four  or  five  months. 
The  uhiar  nerve  regenerates  slowly.  The  internal 
popliteal  and  the  median  are  the  most  deceptive  in 
their  results. 

Lastly  it  should  be  remembered  that  the  electrical 
signs  of  regeneration  appear  more  rapidly  in  patients 
who  have  undergone  physiotherapeutic  treatment 
immediately  after  suture. 

It  is  usually  said,  on  the  authority  of  Duchenne 
(of  Boidogne)  that  in  nerve  regeneration,  the  power 
of  voluntary  movement  is  recovered  some  time  before 
the  electrical  reactions  reappear. 

Stated  in  this  way,  the  proposition  is  correct,  but 
incomplete. 

Duchenne  actually  wrote  :  "I  should  say  at  this 
point  that  in  my  experience  electro-muscular  con- 
tractility has  always  returned,  but  not  completely, 
and  always  at  a  shorter  or  longer  interval  after  the 
recovery  of  voluntary  movements  and  muscular 
nutrition."  ^ 

We  know  now  that  the  return  of  faradic  excitability 
of  the  muscle  is  normally  preceded  by  the  return  of  the 
faradic  and  galvanic  excitability  of  the  nerve.  "  At  a 
certain  stage  in  regeneration,"  writes  Erb,'  "  the 
faradic  excitability  of  the  muscle  reappears  and 
gradually  approaches  the  normal.     This  usually  occurs 

1  Duchenne  (of  Boulogne),  ^lectria.  local.,  6d.  1872,  p.  372, 
«  Erb,  Traite  d' ^lectrotherapie.     Trad.  Rueff.,  1884. 
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rather  later  thin  in  the  case  of  the  nerve,  and  is  also 
separated  by  a  rather  longer  interval  from  the  recovery 
of  voluntary  movement." 

In  the  nerve,  excitability  almost  invariably  returns 
later  than  the  normal  tone,  the  sensitiveness  of  the 
muscle  to  the  faradic  current/  and  even  voluntary 
movement.     The   nerve   first   becomes   excitable   by 


Displaced 
motof 
point 


COmpfeta         R  D  in  process  of  regression  Disappearance  of 

R  D  R  n 

FiQ.  41. — ^Diagram    of    regregsive    changes   in   the   electrical 
reactions  (Chartier). 

the  galvanic  current,  and  some  time  afterwards  by 
the  faradic  current  (single  shocks)  ;  stimulation 
produces  a  brisk  contraction  in  the  muscles  which  it 
supplies. 

The  testing  of  the  nerve  should  not  be  confined 

1  Duchenne  (Electris.  localis^e,  pcw«»fn)  writes  :  "The  faradisa- 
tion of  a  nerve  or  muscle  in  the  normal  state  always  produces  a 
contraction  and  a  sensation.  A  nerve  lesion  must  be  severe  to 
cause  complete  loss  of  sensibility  in  a  muscle.  .  ,  .  The  return  of 
electrical  sensibility  in  the  muscles  is  a  favourable  sign," 
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solely  to  points  below  the  lesion ;  early  reactions 
may  be  given  by  stimulation  above  the  point  of  division 
or  compression. 

During  experiments  on  the  frog  at  a  very  early 
date,  Erb  observed  that  injured  nerves  in  process  of 
regeneration  regained  conductivity  before  excitability, 
the  nerve  being  inexcitable  below  the  lesion  but 
excitable  above  it.^ 

Claude,  Vigouroux,  and  Dumas,*  record  two  cases 
of  compression  by  sclerosis  in  which  they  tested  the 
reactions  directly  during  an  operation,  and  found 
that  the  excitability  of  the  nerve,  which  was  abolished 
above  the  seat  of  compression,  had  reappeared  some 
minutes  after  the  nerve  was  freed  from  the  fibrous 
tissue  enclosing  it. 

Cottenot  and  Beinhold  have  shown  that  in  some 
cases,  when  the  nerve  is  still  inexcitable  below  the 
lesion,  a  contractile  response  may  be  obtained  by 
stimulation  above, the  lesion  with  the  faradic  (single 
shocks)  or  with  the  galvanic  current.  In  a  case  in 
which  excitability  had  returned  in  both  segments  of 
the  injured  nerve,  they  obtained  a  muscular  response 
with  a  weaker  current  in  the  upper  segment  than  in 
the  lower.  According  to  Cottenot  and  Reinhold,  the 
return  of  electrical  conductivity  in  the  segment  of  the 
nerve  above  the  lesion  is  always  a  favourable  sign.* 

»  Erb,  Arch.  f.  klin.  Med.,  1888,  p.  636. 

■  Claude,  Vigouroux,  and  Dumas,  '*  Cent  cas  de  lesions  trauma- 
tiques  dea  nerfs  des  membres,"  Prease  Medicale,  March  4th,  1916. 

•  Cottenot  and  Reinhold,  "  Une  reaction  parti culidro  observ6e 
au  cours  de  la  regeneration  des  nerfs,"  Bull.  Acad.  Med.,  March  28th, 
1916. 
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In  the  muscle  y  faradic  excitability  reappears  after 
a  variable  length  of  time ;  it  is  usually  subsequent 
to  the  return  of  excitability  in  the  nerve,  and  always 
remains  less  than  the  normal.  Galvanic  excitability 
tends  to  reappear  at  the  motor  point,  while  the  longi- 
tudinal reaction  diminishes.  Hence  hypo -excitability 
becomes  less  marked.  It  is  not  until  some  time  later 
that  the  qualitative  changes  begin  to  disappear ;  the 
contraction  gradually  becomes  more  rapid,  polar 
inversion  is  slowly  converted  into  polar  equality,  and 
80  on.  These  changes  occur  in  a  definite  order  which 
varies  with  the  nerve  concerned.  The  recovery  of 
function  coincides  with  the  penetration,  by  the  axis- 
cylinders,  of  the  degenerated  nerve,  and  consequently 
the  first  muscles  to  return  to  the  normal  state  are 
those  nearest  to  the  lesion,  the  process  of  repair 
spreading  farther  and  farther  until  the  most  distally 
situated  muscles  are  reached,  a  clinical  picture  similar 
to  that  of  dissociated  paralyses. 

For  a  long  time  after  the  recovery  of  voluntary 
movement,  antecedent  RD  may  be  detected,  as  much 
by  a  slowness  of  the  contraction  or  a  persisting  anomaly 
in  the  formula  as  by  faradic  and  galvanic  hypo- 
excitability. 

The  delay  in  the  regressive  changes  of  the  electrical 
reactions  after  the  recovery  of  voluntary  movement 
is  sometimes  such  that  the  latter  may  have  been 
complete  for  several  weeks  or  months  without  any 
improvement  in  the  electrical  reactions.  We  have 
recently  seen  a  case  of  this  kind  (radial  paralysis) 
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which  certainly  exhibited  incompatible  features,  the 
recovery  of  function  being  complete,  and  the  muscular 
development  normal,  with  which  was  combined 
absolute  inexcitability. 

Exceptions  to  Duchenne's  law  are  not  unknown. 

Doubtless  a  certain  number  may  readily  be  ex- 
plained by  functional  disorders,  that  is  to  say  by  the 
co-existence  of  a  hysterical  paralysis.  It  must,  in 
fact,  be  remembered  that  in  organic  paralyses,  ana- 
tomical repair  may  not  be  followed  by  recovery  of 
function. 

These  cases,  however,  usually  exhibit  re-develop- 
ment of  the  muscles  from  the  atrophied  condition,  a 
process  consistent  with  the  return  of  the  electrical 
reactions,  and  equally  in  contrast  with  the  absence  of 
voluntary  movement. 

The  cases  described  by  Pierre  Marie  and  Mme. 
Benisty  ^  in  which  f aradic  excitability  or  early  signs 
of  it  reappeared  several  weeks  or  months  before  the 
return  of  voluntary  movement,  are  less  simply  ex- 
plained. It  follows  from  the  observations  of  these 
authors  that  excitability  does  not  always  reappear 
earlier  in  the  nerve  than  in  the  muscle.  They  even 
discovered  cases  in  which  the  faradic  excitability  of 
the  muscles  underwent  daily  variations,  disappearing 
one  day  to  return  some  days  later,  and  sometimes  even 

1  Pierre  Marie  et  Mme.  Ath.  Bdnisty,  *'  Du  retour  de  la  contrac- 
tility faradique  avant  le  r^tablissement  de  la  inotilit6  voluntaire 
dans  les  muscles  paralyses,  k  la  suite  des  lesions  des  nerfs  p6ri- 
ph^riques,"  Soc.  de  Neur.,  April  15th,  1915,  and  May  6th,  1916. 
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disappearing  exactly  at  the  time  when  voluntary 
movement  was  recovered.  -' 

These  contradictory  phenomena  are  partly  explained 
by  a  difference  in  technique,  for  instead  of  using, 
like  Duchenne,  the  current  from  a  coil  of  coarse 
winding,  in  the  form  of  a  tetanising  current,  these 
authors  employed  single  shocks  from  a  coil  of  fine 
winding,  with  the  maximum  intensity  (full  approxima- 
tion). Now  single  shocks  are  usually  more  effective, 
in  the  pathological  condition,  than  the  tetanising 
current.  Dubois,^  indeed,  went  as  far  as  to  say  that 
he  had  never  seen  a  single  case  of  complete  RD  in 
which  single  faradic  shocks  of  sufficient  intensity 
were  absolutely  without  effect. 

It  is  obvious  that  with  the  diversity  of  faradic 
apparatus  in  use  in  laboratories,  the  results  of  examina- 
tions cannot  be  consistent.  In  one  case  the  break 
wave  may  be  of  such  a  form  as  to  be  capable  of 
exciting  degenerated  muscle ;  in  another,  it  may  be 
too  short  to  cause  contraction. 

When  the  faradic  excitability  of  the  muscle  is 
tested  exclusively  with  a  coil  of  coarse  winding  and 
the  tetanising  current,  it  will  always  be  foimd  that 
Duchenne' s  law  holds  good. 

The  early  return  of  faradic  excitability  in  the 
muscle,  as  investigated  by  this  method,  has  generally 
appeared  to  us  to  be  an  imfavourable  sign. 

On  the  other  hand,  we  regard  as  a  favourable 
indication  the  return  of  faradic  excitability   (single 

1  Dubois,  loc.  cit. 
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shocks)  or  galvanic  excitability  in  the  nerve,  where 
this  is  not  preceded  by  the  recovery  of  voluntary 
movement. 

Earlier  indications  are  afforded  by  galvanic  testing 
of  the  muscles.  Bourguignon  ^  is  of  the  opinion  that 
in  cases  of  nerve  suture,  slight  changes  in  the  galvanic 
reactions  of  the  muscle  usually  precede  the  recovery  of 
motor  function  (diminution  of  longitudinal  excita- 
bility, and  lessening  of  hypo-excitability  with  gal- 
vanotonus,  either  at  both  poles  or  with  the  positive 
pole).  Similarly  a  more  brisk  galvanic  contraction, 
but  sUght  and  lacking  amplitude,  is  a  bad  sign,  the 
amplitude  of  the  contraction  being  a  function  of  the 
number  of  healthy  fibres,  and  its  weakness  an  indica- 
tion that  a  number  are  degenerated. 

The  evolution  of  the  galvanic  reactions  of  the 
muscle  could  obviously  be  followed  very  closely  by 
frequently  repeated  examinations.  Hitherto,  how- 
ever, very  few  electrologists  have  undertaken  an 
investigation  which  depends  on  the  recognition  of 
very  slight  differences,  and  in  which,  therefore,  the 
personal  equation  tends  to  play  a  considerable  part. 

SOME  PECULIARITIES   OF  DIFFERENT  NERVES   IN 
ELECTRO-DIAGNOSIS 

Facial  Nerve. — Direct  injury  of  the  facial  nerve  by  a  projectile 
is  rare  as  compared  with  injuries  of  the  nerves  of  the  limbs.  Tinel 
does  not  refer  to  it  in  his  monograph.  We  have,  however,  met  a 
certain  number  of  cases. 

When  the  woimd  involves  one  of  the  terminal  branches,  either 


1  Bourguignon,  in  Chiray  et  Roger,  Soo.   M6d.  Hop.,  Decem- 
ber 8th,  1916. 
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in  the  parotid  or  beyond,  the  nerve  is  usually  severed,  and  the 
branch  in  question  exhibits  complete  RD, 

In  other  cases  the  nerve  is  injured  by  the  projectile  in  its  passage 
through  the  temporal  bone.  This  kind  of  injury  may  give  rise 
either  to  limited  or  to  complete  facial  paralysis.  The  affected 
region  usually  exhibits  complete  RD. 

Facial  paralysis  is  also  one  of  the  symptoms  of  fractures  of  the 
skull.  The  trunk  of  the  nerve  is  then  injured  either  in  the  canal 
in  the  petrous  portion  of  the  temporal  bone,  or  higher  up.  The 
electrical  reactions  usually  exhibit  the  characters  of  complete  RD 
towards  the  end  of  the  second  week. 

The  appearance  of  partial  RD  following  injuries  of  the  skull, 
is  not,  however,  necessarily  a  favourable  sign,  as  in  facial  paralysis 
o  frigore.  It  should  always  be  remembered  that  an  effusion  of 
blood  or  an  organised  exudate  may  cause  progressive  and  permanent 
compression.  Partial  RD  in  such  a  case  is  therefore  merely  an 
early  stage  of  complete  RD,  and  an  equally  imfavourable  sign. 

Pontine  Syndromes. — Fractures  of  the  skull  and  concussions 
miay  give  rise,  doubtless  by  haemorrhage  in  the  region  of  the  pons, 
to  Millard-Gubler's  sjnadrome,  in  which  flaccid  hemiplegia  affects 
the  face  on  the  side  of  the  lesion  and  the  limbs  of  the  opposite 
side  (crossed  hemiplegia). 

The  word  hemiplegia  would  seem  at  first  to  suggest  that  RD 
would  not  be  present.  In  this  variety  of  hemiplegia,  however, 
the  facial  paralysis  has  a  different  anatomical  cause  from  that 
producing  the  paralysis  of  the  limbs  :  it  should  be  observed  that 
it  involves  the  upper  division  of  the  facial  nerve  as  well  as  the 
lower.  Since  the  radicular  fibres  or  nucleus  of  the  facial  are  affected, 
it  may  be  classed  among  the  paralyses  of  the  peripheral  motor 
neurone,  i.e.  amongst  those  in  which  RD  may  develop. 

The  reaction  of  degeneration  may  be  complete  or  partial,  but 
here  again  partial  RD  is  not  a  favourable  sign  as  in  facial  paralysis 
a  frigore.  The  prognosis  in  the  lesion  of  the  facial  is  further  of 
little  importance  in  comparison  with  the  general  prognosis. 

Radial  Nerve. — Of  all  paralyses  of  peripheral  nerves,  radial 
paralyses  have  been  of  most  frequent  occurrence  during  the  course 
of  the  war. 

The  distribution  of  RD  among  the  extensor  muscles  indicates 
the  site  of  the  lesion.  The  triceps  is  rarely  affected  in  lesions  of 
the  radial  alone ;  paralysis  of  this  muscle  is  usually  associated 
with  paralysis  of  the  deltoid  (lesions  of  the  posterior  cord  of  the 
brachial  plexus).     The  commonest  seat  of  injury  to  the  radial  nerve 
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is  the  middle  third  of  the  enn,  whether  the  cause  be  direct  injury 
by  a  bullet  or  shell  fragment,  or  a  fracture  of  the  himaerus.  In 
this  case  the  supinator  longus  is  included  in  the  group  of  muscles 
paralysed.  At  the  same  time,  it  may  remain  unaffected  in  radial 
paralyses  following  fractures  of  the  lower  extremity  of  the  humerus. 
The  extensor  carpi  radialis  longus  and  brevior  may  also  be 
unaffected. 

Dissociated  paralyses  amongst  the  extensors  are  rare. 

In  paralyses  by  compression  (compression  by  a  callus  of  the 
humerus,  crutch  paralysis,  paralysis  following  a  dislocation  of  the 
shoulder,  etc.)  RD  may  be  partial  or  total.  Its  degree  varies  with 
the  nature,  degree,  and  duration  of  the  compression.  Marked  RD  is  a 
grave  sign,  particularly  when  accompanied  by  advanced  muscular 
atrophy.  According  to  Pierre  Marie  and  Mme.  B^nisty,  the  radial 
ii  the  nerve  which  loses  its  faradic  excitability  most  readily ;  the 
electrical  reactions  may  be  absent  even  with  a  slight  anatomical 
lesion. 

It  has  always  seemed  to  us  that  modifications  of  the  electrical 
excitabiUty,  whether  qualitative  or  quantitative,  can  be  detected 
most  readily  in  the  extensor  carpi  ulnaris.  In  cases  of  doubt  as 
to  whether  the  contractions  are  slow,  it  is  a  good  plan  to  test  at 
the  motor  point  and  point  of  junction  of  tendon  and  muscle. 

In  traumatic  radial  paralyses  which  recover,  the  process  of 
repair  not  infrequently  fails  to  include  the  extensor  poUicis  longus, 
both  as  regards  voluntary  movements  and  electrical  reactions. 

Cases  of  slight  radial  paralysis  occur,  without  marked  or  even 
in  any  way  evident  changes  in  the  electrical  reactions,  as  evidenced 
by  unipolar  faradisation  of  the  postero-superior  part  of  the  fore- 
arm. Stimuli  spread  by  diffusion  to  the  flexors,  and  the  action  of 
the  latter  overcomes  that  of  the  extensors,  of  which  the  excitability 
is  less  (Babinski). 

Median  Nerve. — Paralyses  of  the  median  are  not  infrequently 
dissociated  :  a  lesion  of  the  nerve  in  the  arm  or  at  the  bend  of 
the  elbow  may  produce  a  paralysis  of  the  flexors  only,  leaving 
the  pronator  teres  and  the  palmaris  longus  and  brevis  almost 
unaffected.  In  Tinel's  view,  this  dissociation  is  not  absolutely 
diagnostic  of  a  partial  lesion,  since  the  median  receives  a  branch 
from  the  musculo-cutaneous  in  the  arm. 

A  lesion  of  the  median  in  the  forearm  is  generally  evidenced  by 
partial  or  total  RD  in  the  muscles  of  the  thenar  eminence.  Here 
the  abductor  pollicis  brevis  must  be  made  the  standard,  since 
the  deep  portion  of  the  flexor  brevis  is  supplied  by  the  ulnar  nerve, 
and  may  consequently  respond  to  the  faradic  current  by  reactions 

10 
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suggesting  only  partial  RD,  in  cases  where  the  median  is  seriously- 
injured. 

The  regeneration  of  the  median  is  always  slow ;  the  abductor 
brevis  is  the  last  muscle  to  recover,  and  its  function  is  rarely  alto- 
gether restored. 

Babinski  calls  attention  to  the  fact  that  in  paralysis  of  the 
median,  stimulation  of  the  biceps  produces  a  movement  of  more 
marked  supination  than  normally,  owing  to  the  absence  of  the 
antagonistic  action  of  the  pronator  teres. 

In  slight  median  paralyses  without  appreciable  change  in  the 
electrical  reactions,  when  bipolar  faradisation  of  the  forearm  pro- 
duces flexion,  monopolar  faradisation  by  application  of  an  electrode 
in  the  antero-inferior  part  of  the  forearm  causes  a  paradoxical 
extension  of  the  hand,  owing  to  diffusion  of  the  current  to  the 
extensors,  which  are  relatively  more  excitable  (Babinski). 

In  testing  the  muscles  of  the  palmar  aspect  of  the  hand,  it  is 
well,  in  order  to  avoid  causing  the  muscles  of  the  forearm  to  con- 
tract, to  place  the  indifferent  electrode  on  the  dorsum  of  the  hand. 

Ulnar  Nerve. — Complete  paralysis  of  the  ulnar  may  easily  be 
missed  in  a  superficial  clinical  examination,  in  cases  where  simple 
oompression  or  recent  severance  is  the  causative  lesion,  owing  to 
the  fact  that  numerous  other  muscles  supplement  the  actions  of 
those  controlled  by  this  nerve,  with  the  result  that  almost  all 
movements  of  the  hand  are  still  possible.^  The  importance  of 
changes  in  the  electrical  reactions  in  such  a  case  is  evident. 

Discrepancies  between  clinical  facts  and  the  electrical  reactions 
seem  fairly  common  in  lesions  of  the  ulnar.  Thus  in  even  slight 
compressions  of  the  nerve  in  the  region  of  the  epitrochlear  sulcus, 
which  forms  an  inextensible  canal,  complete  RD  follows  in  some 
cases,  either  throughout  the  region  supplied  by  the  nerve,  or  more 
locally,  and  sometimes  only  in  the  interossei  and  the  hypothenar 
eminence.' 

In  a  case  of  Goldmann's,^  with  a  tumour  of  the  elbow  involving 
the  ulnar,  resection  of  6  cm.  of  this  nerve  produced  neither  motor 


^  The  exception  is  that  the  last  two  fingers  cannot  be  brought 
together.  Loss  of  adduction  of  the  little  finger  is  often  the  only 
apparent  sign  of  a  complete  ulnar  paralysis.  It  is  the  only  move- 
ment which  cannot  be  effected  in  any  other  way  (Tinel). 

*  Sicard  and  Gastaud,  "  Les  n^vrodocites,"  Soc.  Med.  Hop., 
November  3rd,  1916. 

3  Goldmann,  Neurol.  Zentralhl,  1906. 
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nor  sensory  paralysis.  The  electrical  reactions  Tfere  Bimilarly 
found  to  be  unchanged. 

Are  cases  of  this  kind  to  be  explained  by  the  anastomotic  branch 
from  the  median  ? 

Further,  we  have  particulars  of  a  case  of  simultaneous  paresis 
of  the  median  and  ulnar,  which  exhibited  partial  RD  only ;  no 
improvement  occurring,  an  operation  was  performed,  and  the 
ulnar  was  found  to  be  completely  severed,  with  a  neuroma  at  the 
proximal  end  of  the  nerve. 

Here  again,  to  explain  only  partial  RD  in  spite  of  section  of  the 
nerve,  is  the  branch  from  the  median  to  be  regarded  as  playing 
some  part  ? 

Brachial  Plexus.^ — The  brachial  plexus  may  be  injured  in 
wounds  or  their  sequelae,  by  a  projectile,  a  hematoma,  a  fracture, 
a  callus,  by  the  formation  of  scar- tissue,  etc.  Paralyses  of  the 
brachial  plexus  may  also  follow  injuries  to  the  shoulder,  contusions, 
a  fall  on  the  shoulder,  depression  of  the  shoulder  in  structural 
collapse,  dislocations  of  the  shoulder,  and  manipulation  in  reduction. 

Three  varieties  are  usually  distinguished :  an  upper  radicular 
type  (Duchenne-Erb  type)  from  injury  of  the  Vth  and  Vlth 
cervical  nerves,  a  lower  radicular  type  (Klumpke's  type)  from 
injury  of  the  Vllth  and  Vlllth  cervical  and  Ist  thoracic  nerves, 
and  lastly,  a  total  radicular  type.  Sometimes  the  paralysis  is 
definitely  limited  to  the  region  of  peripheral  distribution  corre- 
sponding to  these  nerves,  and  sometimes,  on  the  other  hand,  the 
distribution  of  motor  disorders,  and  more  particularly  an  electrical 
examination,  go  to  show  that  the  actual  distribution  of  radicular 
paralyses  varies  more  or  less  from  these  fimdamental  types ; 
paralyses  are  not  definitely  localised  in  the  upper  and  lower  regions, 
and  in  other  cases  the  two  regions,  though  simultaneously  affected, 
are  affected  in  different  degrees. 

The  electrical  reactions  usually  develop  into  complete  or  partial 
RD  ;  very  occasionally  only  faradic  and  galvanic  hypo-excitability 
appear. 

The  distribution  of  RD  indicates  the  radicular  region  concerned 
more  precisely  than  is  possible  by  clinical  observation,  since  an 
investigation  of  the  power  of  voluntary  movement  of  certain  muscles 
(infraspinatus,  teres  major,  etc.)  is  almost  impossible,  and  further, 
on  the  borders  of  this  region  it  is  not  unusual  to  detect  traces  of 
RD  in  muscles  which  appear  functionally  unimpaired. 


^  Cf.    A.    Zimmem,     "  L'61ectrodiagnostic    dans    les    paralysies 
radiculaires  du  plexus  brachial,"  Paris  medical^  1911. 
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The  problem  of  the  exact  localisation  of  the  lesion  is  extremely 
complex.  Thus  in  a  case  of  upper  radicular  paralysis  there  may 
be  some  doubt  as  to  whether  the  causative  lesion  is  intra-  or  extra- 
vertebral.  In  such  cases  the  reactions  of  the  serratus  magnus 
may  give  valuable  indications.  The  nerve  to  the  serratus  magnus 
is  given  off,  almost  constantly,  at  the  points  of  exit  of  the  cervical 
nerves  from  the  intervertebral  foramina.  The  existence  of  changes 
in  its  reactions  would  therefore  indicate  a  lesion  situated  higher 
up.  Suture  being  impossible  unless  the  lesion  is  extra-vertebral, 
the  importance  of  testing  the  reactions  of  the  serratus  magnus  will 
readily  be  understood. 

When  RD  exhibits  a  complex  peripheral  distribution,  corre- 
sponding neither  to  the  peripheral  distribution  of  the  terminal 
nerves  nor  to  the  actual  radicular  distribution,  and  when  thei 
oculo-pupillary  sjmdrome,  indicating  a  lesion  near  the  intervertebral 
foramen  for  the  first  thoracic  nerve,  is  also  absent,  a  lesion  in  the 
network  of  the  plexus  is  suggested,  A  definite  conclusion,  how- 
ever, cannot  be  drawn,  as  several  solutions  are  possible  ;  an  unequal 
distribution  of  RD  may,  in  fact,  be  observed  when  there  are  co- 
existing lesions  of  several  roots. 

In  spite  of  these  difficulties,  careful  testing  of  every  muscle, 
rigorous  classification  of  the  muscles  according  to  the  degree  of 
change  in  the  electrical  reactions,  and  finally  systematic  inter- 
pretation, will  often  enlighten  the  surgeon  as  to  the  probable  seat 
of  the  causative  lesion. 

The  peripheral  distribution  of  the  five  roots  forming  the  brachial 
plexus  will  be  found  tabulated  on  page  149 :  we  have  only 
included  muscles  supplied  by  terminal  or  collateral  branches 
which,  owing  to  their  superficial  situation,  are  directly  and  easily 
accessible  to  the  testing  electrode. 

Prognosis. — ^It  may  be  stated  as  a  principle  that  any  traumatic 
radicular  paralysis  accompanied  by  RD,  or  even  by  partial  RD, 
is  always  grave. 

Only  radicular  paralyses  imaccompanied  by  RD  suggest  a  favour- 
able prognosis  or  can  rightly  be  regarded  as  benign.  In  these 
cases  rapid  return  of  fimction  is  the  rule,  and  recovery  is  almost 
always  complete. 

The  exceptionally  grave  prognosis  in  the  case  of  partial  RD 
and  the  frequent  occurrence  of  forms  exhibiting  the  syndrome  of 
degeneration,  give  radicular  paralysis  a  particularly  grave  character 
imparalleled  in  affections  of  the  same  order.  As  Huet  has  pointed 
out,  it  would  appear  that  the  prognosis  in  traumatic  paralyses 
of  the    brachial  plexus    is  more   imfavourable    for    a    lesion   of 
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given  severity,  than  in  traumatic  paralyses,  as  a  whole,  of 
peripheral  nerves.  "  The  course  of  radicular  paralyses  is  almost 
that  of  myelitis."  The  peculiar  gravity  of  radicular  paralyses 
is  undoubtedly  explained  by  the  extension  of  the  injury  to  the 
cord,  by  the  more  or  less  severe  effects  of  the  causative  lesion  on 
the  motor  cells  (traction,  concussion,  or  compression).  As  Mme. 
D6jerine  has  shown,  the  lesion  in  lower  radicular  paralyses  may 
consist  in  a  tearing  away  of  the  nerve  roots  from  their  points  of 
origin  in  the  cord. 

In  cases  progressing  favourably,  the  circumflex  and  musculo- 
cutaneous nerves  are  the  first  to  regenerate,  followed  by  the  radial, 
then  the  ulnar,  and  finally  the  median.  RD  undergoes  regressive 
evolution,  and  after  5,  6,  or  8  months  the  patient  ends  by  recover- 
ing the  use  of  his  limb  fairly  completely,  but  recovery  is  more 
usually  only  partial,  and  the  functions  of  the  upper  limb  remain 
very  seriously  impaired. 

Sciatic  Nerve. — Lesions  of  the  trunk  of  the  sciatic  are  not  infre- 
quently dissociated  :  the  level  of  the  bifurcation  of  the  nerve  is 
extremely  variable,  and  is  sometimes  even  at  the  point  of  exit 
from  the  greater  sciatic  foramen.  The  size  of  the  nerve  trunk  is 
such  that  some  of  its  fibres  may  be  injured  to  the  exclusion  of  the 
rest,  and  it  is  not  imcommon  to  see  a  complete  paralysis  of  the 
region  supplied  by  the  nerve,  subsequently  persisting  in  the  region 
supplied  by  one  of  the  branches,  but  exhibiting  signs  of  progressive 
regeneration  in  the  other. 

The  external  popliteal  in  its  course  round  the  head  of  the  fibula 
is  equally  vulnerable  by  external  traumatic  agents  (projectiles)  and 
by  internal  agents  (fracture  of  the  head  of  the  fibula,  or  a  callus,  etc. ). 
A  frequent  cause  of  permanent  compression  liable  to  produce  more 
or  less  complete  paralysis,  and  often  unrecognised  or  even  attri- 
buted to  hysteria  or  simulation,  is  strangulation  by  the  tibialis 
anticus  or  peronei.  This  form  of  paresis  is  almost  invariably  char- 
acterised by  partial  RD. 

SOME  ANASTOMOSES  AND  MIXED  OR  ABNORMAL  INNER- 
VATIONS OF  IMPORTANCE  IN  EXPLAINING  THE 
COEXISTENCE  OF  CERTAIN  VOLUNTARY  MOVEMENTS 
WITH  ABNORMAL  ELECTRICAL  REACTIONS 

Blixed  Innervations. — The  flexor  digitorum  profundus  is  supplied 
both  by  the  median  and  the  ulnar. 

The  flexor  polUcis  brevis  consists  of  two  parts  :  the  superficial 
part  receives  a  branch  from  the  median,  and  the  deep  part  is 
innervated  by  the  ulnar. 
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The  rhomboids  are  supplied  by  a  branch  from  the  cervical  and 
a  branch  from  the  brachial  plexus. 

Abnormal  Innervations. — ^The  flexor  carpi  ulnaris  is  sometimes 
supplied  by  the  median.  The  adductor  poUicis  is  sometimes 
supplied  by  the  median  (Froment).  The  abductor  polHcis  brevis 
sometimes  receives  fibres  from  the  superficial  branch  of  the  radial 
(Lejars). 

Brooks  has  described  cases  in  which  the  deep  branch  of  the 
ulnar  supplied  the  flexor  poUicis  brevis,  the  opponens  pollicis,  and 
the  abductor  pollicis  brevis. 

The  musculo-cutaneous  occasionally  takes  the  place  of  the 
median  in  supplying  the  pronator  teres. 

In  a  case  of  Turner,  the  ulnar  supplied  neither  the  flexor  pro- 
fundus nor  the  flexor  carpi  ulnaris,  but  sent  a  branch  to  the  flexor 
sublimis. 

Anastomoses. — Muscuh-cutaneous-median.  Situated  in  the  middle 
part  of  the  arm ;  represents  a  part  of  the  plexus  which  would 
complete  the  distribution  of  the  radicular  fibres  between  the  median 
and  the  musculo-cutaneous. 

Median-ulnar. — (a)  in  the  arm :  a  branch  passing  behind  the 
brachial  artery  (Villar) ;  (6)  in  the  forearm  :  a  branch  consisting 
of  two  or  more  filaments  passing  in  front  of  the  flexor  profundus 
and  deep  to  the  flexor  carpi  ulnaris  ;  its  function  appears  to  be  to 
complete  the  double  innervation  of  the  flexor  profundus  by  the 
median  and  ulnar. 


II.    Lesions  of  the  Cord 

Cases  of  compression  and  partial  or  complete 
severance  of  the  spinal  cord,  whether  by  the  direct 
action  of  a  projectile  or  complicating  a  fracture  of  the 
vertebral  column,  are  of  frequent  occurrence  in  war 
pathology. 

The  changes  in  the  electrical  reactions  which 
accompany  these  lesions  principally  affect  the  lumbar 
and  sacral  regions,  where  they  may  be  unilateral  or 
bilateral,  symmetrical  or  diffuse,  systematic  or  dis- 
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sociated.  In  lesions  situated  higher  up  they  may 
also  develop  in  the  upper  limbs.  In  one  case  of  section 
of  the  cord,  Bastian  detected  no  changes  in  the  elec- 
trical reactions.  The  majority  of  authors,  however,  who 
have  had  occasion  to  study  cases  of  this  kind,  describe 
very  marked  hypo-excitability  to  both  forms  of  cur- 
rent, with  or  without  slowing  of  the  galvanic  con- 
traction, and  often  even  absolute  inexcitability 
(Schultze,  Pfeiffer)  in  the  whole  of  the  region  involved 
in  the  paraplegia.  Marked  hypo-excitability  seems  to 
have  been  a  more  constant  feature  than  RD  itself. 
According  to  Brun,^  this  hypo-excitability  is  only 
apparent,  being  due  to  presence  of  considerable 
oedema. 

Pierre  Marie  and  Foix  regard  the  changes  in  the 
electrical  reactions  as  resulting,  at  least  in  a  number 
of  cases,  from  a  neuritis  in  the  affected  limbs,  usually 
most  marked  in  the  external  popliteal  nerve.' 

A  study  of  the  alterations  in  electrical  reactions  is 
of  no  great  value  in  direct  injuries  to  the  cord,  unless, 
as  in  some  cases,  its  purpose  is  to  determine  the  level 
of  the  lesion,  and  hence  to  verify  a  radiographic  ex- 
amination. 

Much  more  valuable  information  may  be  gained  by 
testing  the  reactions  in  contusions  of  the  cord  (falls, 
burying,  or  the  impact  of  a  projectile),  and  concus- 
sions by  shell  or  mine  explosion. 

Paralyses  following  injuries  of  this  nature  are  often 

1  Bmn,  Arch.  f.  paych.,  1893. 

*  P.  Marie  and  Foix,  Soc.  de  neurol.,  March  2nd,  1916. 
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accompanied  by  a  slight  or  marked  degree  of  RD, 
attributable  to  lesions  of  the  anterior  horns  (hema- 
tomyelia). 

In  severe  cases,  hematomyelia  is  clearly  evidenced 
by  a  number  of  characteristic  clinical  symptoms 
(paraplegia  and  syringomyelic  dissociation),  but  in 
the  less  severe  forms,  the  discovery  of  abnormal 
reactions  ranks,  with  lumbar  puncture,  as  of  the 
greatest  diagnostic  value. 

In  mild  cases,  where  the  supplementary  action  of 
other  muscles  is  liable  to  mask  the  paralysis,  one 
muscle  or  a  group  of  muscles  on  one  side  or  both, 
usually  in  the  region  of  distribution  of  the  sciatic, 
and  more  particularly  in  that  of  the  external  popliteal, 
will  be  found  to  exhibit  either  a  mere  diminution  of 
excitability  or  partial  or  complete  RD. 

Since  changes  in  the  anterior  horns  may  affect  the 
grey  matter  at  different  levels,  the  corresponding 
changes  in  the  electrical  reactions  may  appear  in  a 
number  of  widely  separated  muscles  of  altogether 
different  groups. 

The  degree  of  RD  is  usually  a  sure  indication  of 
the  prognosis  :  cases  where  only  a  limited  number  of 
muscles  are  involved,  and  RD  is  only  partial,  usually 
recover  without  difficulty. 

III.    Combined  Hysterical  and  Organic  Disorpders 

^B  The  clinical  symptoms  in  wound  cases  not  infre- 
^B  quently  fail  to  correspond  with  the  classical  descrip- 
^B   tions  of  peripheral  paralyses.     When  a  nerve  lesion  is 


164         ELEGTR0-DIA0N0SI8  IN   WAR 

complicated  by  direct  injury  to  muscles,  or  when 
joints,  ajid  particularly  small  joints,  have  become 
stiff  owing  to  prolonged  immobilisation,  the  loss  of 
function  will  appear  greater  than  the  nerve  lesion 
itself  can  account  for.  It  will  readily  be  understood 
that  electrical  examination  is  of  great  value  in  such 
cases  in  determining  the  extent  of  the  part  played  by 
the  nerve  lesion  in  producing  these  symptoms. 

In  other  cases  the  simultaneous  injury  of  several 
nerves,  each  giving  rise  to  a  different  paralysis,  wiU 
render  the  clinical  diagnosis  extremely  laborious.  It 
seems  hardly  necessary  to  emphasise  the  value  of  an 
electrical  examination,  not  merely  from  the  diagnostic 
point  of  view,  but  also  in  determining  the  degree  of 
severity  and  probable  nature  of  the  lesion  in  each 
case. 

The  same  is  the  case  with  superimposed  psychical 
paralyses,  which  sometimes  so  strangely  transform 
the  clinical  picture  in  an  organic  paralysis. 

It  is  not  unusual,  for  instance,  to  find  a  patient 
with  an  organic  lesion  of  the  uhiar  and  median  nerves 
unable  to  raise  the  wrist  or  extend  the  fingers. 

Sometimes  these  additional  paralyses  are  imme- 
diate, following  directly  on  the  injury ;  sometimes 
they  develop  gradually,  particularly  when  the  patient 
is  kept  at  rest  for  a  long  time,  and  care  has  not  been 
taken  to  correct  the  more  powerful  action  of  anta- 
gonising muscles  by  means  of  suitable  elastic  appliances. 

In  every  ^se,  the  absence  of  pathological  reactions, 
contrasting  with  the  severity  of  functional  disorder 
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observed  clinically,  will  indicate  the  real  cause  of  the 
paralysis.  It  should  not,  however,  be  forgotten  that 
the  diagnosis  can  only  be  made  with  certainty  after 
an  interval  of  about  ten  days,  that  is  to  say,  until 
sufficient  time  has  been  given  for  early  anomalies  of 
the  reactions  to  develop. 

IV.    Reflex    Pabalyses    and    Contractures 
(Physiopathic  Disorders) 

The  preservation  of  the  normal  electrical  reactions 
in  functional  disorders  of  a  hysterical  nature  is  now 
an  established  fact,  and  consequently  a  factor  of  the 
greatest  importance  in  diagnosis. 

Certain  cases  have,  however,  been  described  in  the 
past,  rather  as  curiosities,  of  functional  disorders 
which  gave  rise,  either  merely  to  a  slowed  contraction 
or  to  partial  R.D,  and  such  observations  were  regarded 
with  incredulity  by  those  who  had  not  actually 
observed  these  phenomena  themselves.  Possibly  these 
paradoxical  reactions  may  be  explained  by  a  study 
of  the  physiopathic  disorders  appearing  during  the 
present  war. 

It  will  be  remembered  that  Babinski  and  Froment 
have  established  the  relationship  between  the  dis- 
orders which  they  describe  as  paralyses  (and  contrac- 
tures) of  a  reflex  nature,  and  the  amyotrophic  reflex 
paralyses  first  studied  by  Charcot  and  Vulpian. 

The  variety  known  as  articular  or  abarticular, 
which  follows  injuries  or  inflammations  of  joints,  is 
the  commonest  type.     It  is  well  known  to  medical 
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electrologists,  possibly  more  so  than  to  surgeons  and 
neurologists,  since  the  patient  usually  comes  direct 
to  an  electrologist  to  be  relieved  of  this  persistent 
functional  trouble. 

Quantitative  changes  in  excitability  are  the  only 
abnormalities  in  electrical  reactions  occurring  in  these 
articular  amyotrophies.  The  reaction  of  degeneration 
is  never  present.  Faradic  and  galvanic  excitability 
are  more  or  less  diminished,  in  some  cases  preceded  by 
a  stage  of  faradic  hyper-excitability  (Mally).  Not 
infrequently  excitability  to  the  galvanic  current  is 
more  markedly  reduced  than  to  the  faradic.  Evidence 
of  this  diminution  of  excitability  is  shown,  not  merely 
by  a  higher  threshold,  but  by  reduced  amplitude  of 
the  maximal  contraction. 

According  to  Mally,  the  prognosis  in  reflex  articular 
atrophy  depends  on  the  extent  to  which  the  galvanic 
excitability  of  the  muscle  is  diminished,  an  increase 
in  galvanic  excitability  being  a  favourable  sign. 

We  should  also  emphasise,  in  passing,  the  import- 
ance of  testing  the  electrical  reactions  in  the  particular 
type  of  paralysis  following  injuries  to  the  shoulder 
(fractures  of  the  neck  of  the  humerus,  dislocations, 
etc.).  These  are  often  diagnosed  as  reflex  atrophy. 
The  presence  of  the  reaction  of  degeneration  will 
indicate  their  true  causation — ^neuritis  of  the  circum- 
flex nerve,  compression,  or  more  or  less  extensive 
lesions  of  the  spinal  nerve  roots. 

Since  the  beginning  of  the  war,  physicians  have 
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often  been  struck  by  the  number  of  atypical  disorders, 
exhibiting  neither  the  features  of  hysterical  manifesta- 
tions nor  those  of  organic  nerve  lesions. 

Owing  largely  to  their  novelty,  these  conditions 
have  been  investigated  by  a  number  of  workers,  and  a 
particularly  good  description  of  them  has  been  given 
by  Babinski  and  Froment. 

Amongst  their  distinctive  features,  together  with 
mechanical  hyper-excitability  of  the  muscles  and  the 
slowness  of  the  contraction  excited  by  percussion^  Ba- 
binski and  Froment  describe  two  electrical  signs — 
slight  hyper-excitability  or  hypo-excitability,  and  pre- 
mature  fusion  of  contractidns.^ 

The  quantitative  abnormalities  on  faradic  stimula- 
tion are  never  pronounced  ;  sometimes  the  difference 
between  the  healthy  and  affected  sides  is  so  slight  as 
to  suggest  that  quantitative  changes  have  not  occurred. 

When  they  are  evident,  steps  should  be  taken  to 
show  that  they  are  not  merely  apparent,  and  due  to 
increased  or  reduced  skin  resistance  on  the  affected 
side.  We  have  often  observed  a  marked  alteration 
in  skin  resistance  in  reflex  paralyses  and  contractures. 

We  have  already  indicated  *  that  cold  alone  may 
modify  the  character  of  the  galvanic  contraction,  and 
that  its  action  is  indirect,  through  the  circulatory 
disturbance  which  it  produces.  It  would  therefore 
be  reasonable  to  expect  a  slowed  contraction  in  reflex 
disorders    accompanied    by    hypothermia    and    vaso- 

*  Babinski    and    Froment,     Hysteric.     Pithiatisme    et    troubles 
nerveux  d'ordre  reflexe.     Paris,  Masson,  1917. 
a  See  p.  77,  Sources  of  error  in  deducing  RD. 
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motor  paralysis.  We  are  inclined  to  go  further  in 
explaining  the  phenomenon,  and  to  suggest  that  it 
may  also  be  produced  by  asphyxia,  COj  poisoning,  a 
sluggish  circulation,  and  imperfect  exchange  between 
the  blood  and  the  tissues. 

The  changes  in  excitability  and  the  character  of  the 
muscular  contraction  can  be  determined  most  readily 
in  the  small  muscles  of  the  hand  (thenar  and  hypo- 
thenar  eminences  and  interossei). 

Faradic  excitability  is  sometimes  slightly  increased, 
sometimes  slightly  diminished.  The  contractions 
produced  by  single  shocks  may  appear  fairly  brisk, 
but  it  will  often  be  found  that  the  number  of  stimuli 
per  second  which  will  produce  tetanus  is  lower  than 
in  the  case  of  a  healthy  muscle  of  approximately  equal 
size.  This  phenomenon  of  premature  fusion  of  con- 
tractions (Babinski  and  Froment)  is  therefore  indirectly 
indicative  of  slow  faradic  contraction. 

With  the  galvanic  current,  excitability  may  be 
increased  or  diminished  in  different  cases ;  the  con- 
traction is  sometimes  markedly  and  sometimes  only 
sUghtly  slower  than  the  normal. 

Artificial  cooling  of  a  limb  produces  slowing  of  the 
contraction ;  if  then  it  be  adequately  warmed,  the 
contraction  becomes  more  rapid  and  finally  normal. 

All  these  abnormal  phenomena  originate  in  dis- 
turbances of  temperature,  and  disappear  with  them. 
Increased  rapidity  of  contraction  on  warming  will 
always  distinguish  these  reactions  from  the  reaction 
of  degeneration. 
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V.   IscHJEMic  Paralyses 

Local  anaemia  may  produce  marked  changes  in  the 
electrical  reactions.  These  were  demonstrated  by 
Marey,  who  observed  slowing  of  the  contraction  after 
ligature  of  the  artery  supplying  the  muscle. 

The  effects  in  man  are  variable  ;  sometimes  typical 
RD  appears,  but  it  is  commoner  to  find  a  remarkable 
degree  of  hypo-excitability,  amounting  sometimes  to 
inexcitability,  with  or  without  polar  inversion.  This 
inexcitability  of  the  muscles  is  often  earlier  and  more 
pronounced  than  the  inexcitability  of  the  nerve 
supplying  them  (Tinel). 

The  electrical  reactions  are  also  more  or  less  markedly 
altered  in  certain  pathological  conditions  of  common 
occurrence  during  the  present  war,  which  have  been 
compared  with  Volkmann's  ischsemic  contracture  (pain, 
cedema,  hypothermia,  wooden  hardening  of  the 
muscles,  fibrous  retractions). 

Any  condition  intermediate  between  simple  hypo- 
excitability  and  complete  RD  may  be  present.  Further, 
the  distribution  of  these  effects  is  extremely  irregular  ; 
one  muscle  may  exhibit  complete  RD  and  its  imme- 
diate neighbour  simple  hypo-excitability.  In  the 
small  muscles  of  the  hand,  testing  the  reactions  is  an 
easy  matter ;  in  the  flexors,  however,  retraction  and 
fibrosis  may  render  it  entirely  impossible. 

The  anomalous  electrical  reactions  in  Volkmann's 
syndrome  are  sometimes  attributed  to  ischaemia,  but 
it  seems  much  more  logical  to  attribute  them  either 
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to  a  neuritic  process  connected  with  the  muscular 
changes,  or  simply  to  strangulation  of  the  nerve  fibres 
in  masses  of  fibrous  tissue. 


VI.   Paralyses   of  Toxic   an^d  Infective   Origin. 
Non-traumatic  Forms  of  Neuritis,  Myelitis,  etc. 

Paralyses  due  to  infective  or  toxic  neuritis  are  as 
common  in  military  ambulance  stations  and  hospitals 
as  in  civil  practice.  We  shall  therefore  describe  the 
essential  features  of  electro-diagnosis  in  each  type 
of  case. 

Peripheral  Facial  Paralysis, — Facial  paralysis  a 
frigore,  an  extremely  common  condition,  may  assume 
either  of  two  forms,  the  benign  or  the  severe.  Al- 
though the  severe  form  may  not  be  followed  by  per- 
manent paralysis,  its  effects  will  render  the  patient 
unfit  for  further  service,  particularly  when  lachryma- 
tion  interferes  with  vision,  and  inability  to  close  the 
eye  leaves  the  conjunctiva  unprotected. 

It  is  impossible  to  distinguish  clinically  between 
the  slight  and  severe  forms.  There  is  nothing  in  the 
clinical  signs  of  facial  paralysis  a  frigore  to  suggest 
whether  the  lesion  is  severe  or  otherwise,  or  its  probable 
duration. 

Electrical  methods  are  the  only  means  of  obtaining 
this  information.  Erb,  in  fact,  showed  that  from  the 
results  of  an  electrical  examination,  any  given  case 
could  be  classed  in  one  of  the  following  categories — 
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mild  form,  intermediate  form,  and  severe  form,  the 
course  and  prognosis  being  different  in  each  case. 

1.  In  the  mild  form  of  facial  paralysis,  the  electrical 
reactions  remain  normal.  The  outlook  in  these  cases 
is  always  favourable,  and  recovery  usually  takes 
place  within  three  weeks.  Unfortimately  a  relatively 
small  proportion  of  cases  assume  this  form. 

2.  In  the  forms  exhibiting  RD,  the  quantitative  and 
qualitative  changes  preceding  the  appearance  of 
definite  RD  (complete  or  partial)  usually  develop 
during  the  first  two  weeks.  These  changes  are  only 
slight  for  some  days,  and,  as  a  rule,  the  abnormal 
reactions  only  begin  to  take  definite  shape  towards 
the  end  of  the  first  week ;  the  development  of  RD  is 
not  complete  until  the  thirteenth  or  fourteenth  day. 

It  will  therefore  be  obvious  that  an  examination 
at  an  earlier  period,  finding  the  muscles  in  the  stage 
of  diminishing  faradic  excitability,  will  furnish  no 
definite  indication  as  to  the  form  of  the  paralysis. 
Hence  the  rule  that  no  conclusions  as  to  the  severity 
or  prognosis  in  a  case  of  facial  paralysis  should  be 
drawn  before  the  end  of  the  second  week. 

The  essential  and  remarkable  characteristic  of  the 
progress  of  RD  in  facial  paralyses  is  prolongation  of  the 
stage  of  galvanic  hyper-excitability. 

(a)  The  intermediate  form  is  distinguished  by  the 
presence  of  partial  RD. 

As  in  the  first  variety,  recovery  is  usual  in  the 
intermediate  form,  but  the  process  is  a  longer  one. 
The  return  of  voluntary  movement  usually  begins  at 

n  " 
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about  the  second  month,  and  recovery  is  not  complete 
until  three  to  six  months  have  elapsed.  The  electrical 
reactions  remain  abnormal  for  much  longer  periods, 
regressive  changes  beginning  long  after  the  power  of 
voluntary  movement  has  been  recovered. 

(6)  The  severe  form  is  characterised  by  the  presence 
of  complete  RD. 

The  prognosis  is  always  unfavourable.  Recovery, 
if  it  takes  place,  is  very  rarely  complete.  Traces  of 
the  paralysis  usually  persist  in  the  form,  either  of 
slight  paresis,  evident  in  any  change  of  facial  expres- 
sion, or  of  a  certain  asymmetry  of  the  face,  often  the 
more  evident  owing  to  some  slight  degree  of  contracture. 
The  first  voluntary  movements  in  these  cases  usually 
appear  between  the  third  and  the  tenth  month. 

The  recovery  of  voluntary  movements  often  pre- 
cedes the  return  of  the  electrical  reactions  to  the 
normal  by  a  long  interval,  and  many  months  elapse 
before  the  muscles  regain  their  faradic  excitability. 
Sometimes  the  regressive  evolution  of  RD  is  so  slow, 
and  faradic  and  galvanic  excitability  remain  dimin- 
ished for  so  long,  that  an  examination  of  old  facial 
paralyses  which  have  recovered  will  often  reveal 
a  marked  reduction  in  both  forms  of  excitability  and 
obvious  traces  of  slowed  contraction,  long  after  clinical 
improvement  has  ceased. 

When  voluntary  movements  fail  to  reappear  within 
ten  months,  the  likelihood  of  recovery  becomes  very 
doubtful. 

In  incurable  cases,  a  considerably  prolonged  stage 
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of  galvanic  hyper-excitability  is  followed  by  a  period 
of  progressive  hypo-excitability ;  the  muscular  response 
becomes  more  and  more  difficult  to  elicit  by  galvanic 
stimulation.  If  inversion  of  the  formula  has  not 
occurred  earlier,  it  will  appear  at  this  stage  ;  at  first 
ACC  =  KCC,  and  later  the  AC  contraction  becomes 
greater  than  the  KC. 

In  many  cases  the  reaction  of  exhaustion  will  also  be 
detected  by  galvanic  excitation.  Repeated  galvanic 
stimuli  at  short  intervals  provoke  contractions  which 
become  progressively  weaker. 

The  incurable  forms  sometimes  end  in  atrophy  of 
one  side  of  the  face,  but  a  much  more  common  result 
is  permanent  secondary  contracture.  This  condition 
only  occurs  as  a  sequel  to  the  severe  forms  exhibiting 
complete  RD.  It  usually  begins  to  appear  during 
the  third  or  fourth  month,  and  is  at  first  localised  in 
the  zygomaticus,  extending  thence  to  the  levator 
labii  superioris  alseque  nasi,  drawing  the  labial  com- 
missure upwards  and  outwards.  This  contracture  is 
sometimes  transitory,  but  more  often  permanent  and 
intractable.  It  is  an  almost  invariable  sequela  in 
older  individuals,  and  in  cases  where  the  general 
condition  is  poor  at  the  time  of  onset. 


The  following  signs  indicate  the  approach  of  this  condition  : 

1.  Spasmodic  contractions,   occurring  either  spontaneously,   or 
as  the  result  of  artificial  stimuli  (electrical,  or  percussion). 

2.  The  rapid  recovery  of  tone  when  voluntary  movement  is 
still  impossible. 

3.  The  return  of  faradic  excitability  in  the  muscles  in  an  unusual 
order  (Duchenne). 
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Duchenne  gave  the  following  as  the  order  in  which  the  muscles 
recover  their  excitability,  in  curable  forms :  buccinator,  zygomatici, 
levator  labii  superioris  alaeque  nasi,  frontalis,  orbicularis  oculi, 
and  lastly  the  dilatores  nasi. 

4.  The  appearance  of  certain  associated  movements  :  if  the 
patient  is  told  to  close  his  eyes  tightly,  there  is  a  simultaneous 
upward  and  outward  movement  of  the  labial  commissure  and  the 
ala  of  the  nose  (Huet).  Similarly  the  palpebral  fissure  is  narrowed 
when  the  patient  attempts  to  smile. 

The  entire  absence  of  clinical  signs  to  indicate  the 
severity  of  a  case  of  facial  paralysis,  lends  additional 
importance  to  the  results  of  electrical  examination, 
as  we  have  already  seen.  Electrical  methods,  how- 
ever, although  they  may  determine  the  diagnosis 
of  a  severe  form,  cannot  decide  the  prognosis.  There 
is  nothing  in  the  reactions  to  indicate  beforehand 
whether  the  paralysis  will  pass  o£f  or  remain  per- 
manent, or  what  degree  of  contracture  is  to  be  ex- 
pected. 

Facial  paralysis  is  common  in  infective  otitis.  It 
commonly  affects  the  upper  and  lower  divisions 
unequally,  and  is  more  usually  confined  to  the  lower, 
in  which  its  effects  become  more  or  less  marked.  In 
all  long-standing  cases  of  suppurative  otitis  there  is 
slight  deviation  of  the  labial  commissure,  the  only 
sign  of  paresis  of  the  lower  division  of  the  facial  nerve 
(Moure). 

These  pareses  or  paralyses  are  usually  accompanied 
by  partial  ED,  and  the  changes  in  the  reactions  are 
always  less  marked  in  the  upper  part  of  the  face  ;  in 
total  paralyses,  this  sign  is  the  earliest  indication  of 
an  improvement. 
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Otitic  facial  paralysis  with  complete  RD  is  gener- 
ally the  result  of  purulent  otitis,  mastoid  abscess,  or 
caries  of  the  temporal  bone  ;  it  has  also  been  known 
to  follow  surgical  trauma  in  operations  on  the  ear 
(curetting  and  trephining  of  the  mastoid,  etc.). 

Here  again  complete  RD  is  a  serious  sign,  and 
indicates  an  unfavourable  course  ;  all  facial  paralyses 
accompanied  by  complete  RD  are  not,  however, 
incurable. 

Radial  Paralysis.  —  Common  radial  paralysis,  des- 
cribed as  radial  paralysis  a  f rigor e,  is  most  commonly 
caused  by  compression  and  stretching  of  the  nerve 
(pressure  against  the  edge  of  a  table,  or  upon  the 
operation  table  during  general  anaesthesia,  against  the 
back  of  a  chair  in  individuals  who  fall  asleep  in  this 
position,  or  against  the  humerus  in  persons  who  sleep 
with  the  arm  bent  beneath  the  head,  and  so  on). 

In  such  cases  the  nerve  is  subjected  to  pressure, 
but  only  for  a  short  period,  whereas  in  paralyses  by 
compression  (the  pressure  of  a  callus  or  a  crutch,  etc.), 
the  cause  of  compression  is  permanent,  progressive, 
or  renewed  at  intervals  indefinitely. 

The  electrical  excitability  in  radial  paralysis  a 
frigore  undergoes  very  little  change  ;  a  slight  reduc- 
tion in  the  faradic  excitability  of  the  muscles,  unac- 
companied by  changes  in  the  galvanic  contraction,  is 
the  only  anomaly  liable  to  occur. 

Cases  have  certainly  been  reported  of  radial  paralysis 
from  compression  during  sleep,  which  were  accom- 
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panied  by  signs  of  RD.  These  are,  properly  speaking, 
exceptions  which  in  no  way  invalidate  the  rule,  and 
can  be  explained  on  the  grounds  that  the  nerve  has 
to  some  extent  absorbed  a  toxic  substance,  generally 
alcohol.  Radial  paralysis  of  this  type  in  drinkers 
certainly  occurs  much  more  commonly  in  a  drunken 
sleep  than  otherwise. 

In  common  radial  paralysis,  stimulation  above  the 
point  of  compression,  as  we  have  already  seen,  may 
suggest  false  conclusions  as  to  the  electrical  reactions. 
The  conductivity  of  the  axis-cylinder  is  often  abolished 
below  the  point  of  compression,  so  that  faradic  stimu- 
lation in  the  axiUa  causes  no  contraction  of  the 
extensors  of  the  hand,  but  may  provoke  contraction 
of  the  triceps,  the  nerve  to  which  arises  above  the 
point  of  compression. 

The  existence  of  faradic  excitability  may  be  demon- 
strated by  applying  the  electrode  below  this  point 
(Erb). 

Radicular  Paralyses  of  the  Brachial  Plexus. — 
Radicular  paralyses  result  either  from  lesions  of  a 
surgical  nature  (stretching,  rupture,  and  compression 
of  the  nerve  roots)  (see  p.  147),  or  from  inflammatory 
changes,  or  from  some  toxic  cause.  The  second 
category  includes  paralyses  due  to  involvement  of  the 
spinal  loots  in  inflammations  of  the  meninges  (cerebro- 
spinal and  other  forms  of  meningitis),  in  addition  to 
primary  affections  of  the  nerve  roots. 

Radiculitis  and  the  radicular  paralyses  of  meningitis 
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are  accompanied  in  their  course  by  complete  or  partial 
RD  or  merely  by  diminution  of  excitability  to  both 
currents,  according  to  the  degree  of  severity  of 
the  lesion.  The  reactions  develop  slowly  or  rapidly, 
according  as  the  disease  is  chronic,  subacute,  or  acute. 
When  the  abnormal  reactions  have  fully  developed, 
and  are  found  to  be  definitely  characterised  in  one 
of  the  radicular  regions  of  distribution  (upper,  lower, 
or  both),  the  limits  of  this  region  will  not  be  clearly 
defined ;  various  muscles  are  unequally  affected, 
some  exhibiting  total  and  others  partial  RD.  Some- 
times the  topography  of  the  reaction  is  so  irregular 
that  it  becomes  scarcely  recognisable  as  a  radicular 
distribution. 

This  is  explained  by  the  fact  that  different  roots 
may  be  affected  unequally. 

The  distribution  of  the  electrical  reactions  is  not 
usually  sufficient  in  itself  to  distinguish  between 
acute  poliomyelitis  localised  in  the  upper  limb  seg- 
ments, and  radicular  inflammation.  In  both  cases 
the  disease  may  spread  beyond  the  cervical  region, 
and  paralytic  disorders,  with  altered  reactions,  may 
be  observed  in  the  intercostal  muscles  and  the  lower 
limbs,  or  on  the  opposite  side. 

From  the  point  of  view  of  recovery  of  function, 
RD  is  not  as  serious  a  sign  in  radiculitis  as  in  polio- 
myelitis. 

Disappearance  of  the  signs  of  inflammation,  and 
good  results  from  treatment  in  the  syphilitic  forms, 
give  some  hope  of  recovery;  but  granting  that  the 


168         ELECTRO-DIAGNOSIS  IN   WAR 

radicular  lesions  are  capable  of  repair,  functional 
recovery  is  usually  imperfect,  and  never  as  satisfactory 
as  in  peripheral  neuritis,  for  example.  It  may  be 
stated  in  a  general  way  that  from  the  point  of  view  of 
its  significance  in  prognosis,  RD  in  radiculitis  stands 
intermediately  between  RD  in  poliomyelitis,  and  RD 
in  multiple  neuritis. 

Sciatica. — Sciatica  a  f rigor e,  or  from  a  toxic  or 
infective  cause  (syphilis,  gonorrhoea,  tuberculosis, 
gout,  etc.),  if  accompanied  by  functional  impairment 
or  muscular  atrophy,  always  presents  some  degree  of 
change  in  the  electrical  reactions,  which  finally  may 
amount  to  complete  RD. 

Intermediate  between  sciatic  neuritis  with  trophic 
disorders,  and  simple  sciatic  neuralgia,  are  a  large 
number  of  cases  in  which  the  electrical  reactions  are 
not  customarily  tested. 

According  to  Neri,  faradic  and  galvanic  excitability 
are  often  diminished,  more  notably  in  the  internal 
than  the  external  popliteal  nerve. ^ 

This  difference  is  further  shown  by  diffuse  faradic 
excitation  of  the  sole  of  the  foot,  which  in  certain 
cases  of  sciatica  causes  extension  of  the  toes,  instead 
of  producing  flexion,  as  would  be  the  case  normally. 

Multiple  Neuritis. — Infective  multiple  neuritis  (in 
influenza,    typhoid,  diphtheria,  typhus,  leprosy,    and 

1  V.  N6ri,  "  Les  petits  signes  electriques  de  la  sciatique,"  Bull, 
4eUe  Sc.  med.^  February  1917, 
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beriberi)  and  toxic  multiple  neuritis  (alcoholic  and 
syphilitic)  have  been  met  with  frequently  in  the 
course  of  the  war. 

Except  in  rapidly  curable  forms  of  alcoholic  para- 
plegia and  generalised  diphtheritic  paralysis,  RD  is 
the  rule  in  multiple  neuritis.  In  many  cases  it  is 
even  developed  earlier  than  the  first  manifestations 
of  paralysis. 

RD  possesses  a  definite  character  in  multiple 
neuritis,  and  accurately  reflects  the  histological 
changes  occurring  in  the  nerves.  In  the  first  place, 
its  extent  and  distribution  among  a  large  number  of 
muscles  belonging  to  different  groups  indicate  the 
multiplicity  and  widespread  distribution  of  the  nervous 
lesions.  Further,  its  variations  in  degree  from  one 
region  to  another,  or  from  one  muscle  to  another, 
reflect  the  irregularity  and  diffuse  nature  of  the  ana* 
tomical  process.  It  usually  does,  in  fact,  appear  in 
different  degrees ;  one  muscle  may  exhibit  complete 
RD,  and  another,  supplied  by  the  same  nerVe,  only 
partial  RD,  or  possibly  complete  RD  with  less  marked 
diminution  in  galvanic  excitability.  Certain  cases 
show  only  partial  RD,  but  almost  always  with  the 
same  obvious  differences  in  the  extent  of  diminution 
of  faradic  excitability. 

It  is  not  unusual  in  multiple  neuritis  to  find  that 
the  extent  of  the  paralysis  and  the  degree  of  altera- 
tion in  the  electrical  reactions  are  far  from  corre- 
sponding. There  may  be  profound  changes  in  the 
electrical  reactions,  complete  RD,  slow  contraction, 
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or  absence  of  faradic  excitability,  while  the  muscle 
responds  normally  to  volmitary  impulses. 

RD  may  sometimes  be  the  first  indication  that 
neuritis  is  present.  It  often  happens  that  no  atten- 
tion is  paid  to  the  conditions  of  weakness  in  the  lower 
limbs  appearing  in  certain  patients,  during  convales- 
cence from  influenza,  for  instance.  Now  in  cases  of 
this  kind,  some  traces  of  RD  will  often  be  detected  on 
electrical  examination,  and  the  actual  cause  of  this 
loss  of  power  will  be  recognised. 

In  the  same  way,  a  certain  difficulty  in  marching, 
or  a  condition  of  continual  fatigue  in  the  lower  limbs, 
should  arouse  the  medical  officer's  suspicions.  An 
electrical  examination  will  often  show  traces  of  RD, 
which  will  lead  to  the  discovery  of  the  fact  that  the 
patient  has  been  drinking  excessively,  and  incidentally 
explain  the  merely  subjective  symptoms  of  which  he 
complains. 

The  degree  of  severity  of  multiple  neuritis  varies, 
in  the  first  place,  with  the  intensity  and  the  extent 
of  distribution  of  the  anatomical  changes  in  the 
nerves,  and  further,  with  the  nature  of  the  underljdng 
cause. 

Almost  aU  forms  will  recover,  unless  certain  of  the 
cranial  nerves  become  involved. 

RD  is  therefore  not  a  peculiarly  bad  sign  in  multiple 
neuritis.  A  muscle  which  will  only  respond  to  longi- 
tudinal stimulation  does  not  undergo  atrophy  and 
permanent  loss  of  function,  as  usually  occurs  in  polio- 
myelitis. 
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Alcoholic  neuritis  more  particularly  affects  the 
lower  limbs,  especially  the  extensor  group  (quadriceps 
femoris,  extensor  digit orum  longus,  extensor  hallucis 
longus,  the  peronei,  and  tibialis  anticus).  The  relative 
gravity  of  the  prognosis  is  explained  by  its  long 
duration,  and  by  the  fact  that  deformity  is  a  common 
result. 

The  severity  of  infective  multiple  neuritis  varies 
with  the  degree  of  ED  and  the  extent  of  its  muscular 
distribution.  In  the  forms  involving  a  large  number 
of  muscles,  recovery  is  always  slow,  and  some  of  these 
muscles  may  remain  permanently  affected. 

Diphtheritic  paralysis,  a  comparatively  rare  con- 
dition, is  sometimes  accompanied  by  partial  RD 
(paraplegic  forms,  and  diphtheritic  facial  paralysis). 
Complete  RD  is  exceptional.  It  would  therefore 
appear  that  the  diphtheria  toxin  has  a  less  severe 
effect  on  nerve  tissues  than  other  toxic  processes. 

Multiple  neuritis  has  been  observed  to  follow  frost- 
bite, and  even  gassing,  during  the  course  of  the 
war. 

These  forms  are  usually  localised  to  the  extensors 
of  the  leg,  symmetrical,  bilateral,  and  accompanied 
by  partial  or  complete  RD. 

According  to  Tinel,  the  tibialis  anticus  is  often 
imaffected,  as  is  the  case  with  the  supinator  longus 
in  lead  poisoning. 

Poliomyelitis. — Poliomyelitis  in  the  adult  has  apr 
peared  several  times  during  the  war. 
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As  in  infantile  poliomyelitis,  cases  unaccompanied 
by  E.D,  and  ending  in  spontaneous  and  complete 
recovery,  are  extremely  rare. 

In  the  vast  majority  there  are  profound  changes  in 
the  electrical  reactions. 

Poliomyelitis  in  the  adult  is  usually  less  systematised 
than  the  infantile  form.  It  has  a  selective  action  on 
the  lower  limb,  but  its  elffects  are  not  confined  to  the 
antero-external  group  of  leg  muscles.  It  often  affects 
the  thigh  or  the  opposite  limb  simultaneously,  and 
sometimes  also  the  upper  limb. 

The  differential  diagnosis  from  multiple  neuritis  is 
often  extremely  difficult.  Clinically,  the  mode  of 
onset  and  the  presence  of  sensory  disturbance  will 
leave  no  doubt  as  to  the  nature  of  the  disease.  From 
the  point  of  view  of  electrical  reactions,  wide  distribu- 
tion and  imequal  degrees  of  RD  in  adjacent  muscles 
suggest  multiple  neuritis,  and  a  radicular  distribution 
suggests  poliomyelitis.  Conclusions  have  frequently 
to  be  based  on  very  slight  differences. 

The  prognosis  varies  with  the  extent  to  which  the 
electrical  reactions  are  modified.  The  presence  and 
persistence  of  complete  RD,  with  inexcitability  at 
the  motor  point,  indicate  severe  degenerative  changes 
in  the  anterior  horn  cells,  and  leave  little  hope  of 
recovery  of  function. 

Partial  RD,  on  the  other  hand,  indicates  that  the 
corresponding  cells  in  the  grey  matter  are  less  com- 
pletely involved,  and  although  it  is  to  be  feared  that 
the  muscle  will  never  recover  its  original  strength 
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and  development,  it  will  certainly  not  undergo  total 
atrophy. 

VII.    The   Severance   of   Muscles   and   Tendons 

Gunshot  wounds  frequently  involve  severance  of  muscles  or 
tendons,  caused  either  directly  by  the  projectile  itself  (a  fragment 
of  shell)  or  by  suppurative  erosion. 

It  may  be  of  importance  to  know  what  tendon  or  tendons  have 
been  cut,  and  in  this  connection  electrical  methods  may  be  of 
great  service. 

Assuming  a  patient  to  be  incapable  of  performing  a  certain 
definite  movement,  either  the  electrical  reactions  of  all  the  muscles 
will  be  normal  and  stimulation  will  produce  normal  movements 
at  the  joint  concerned,  which  suggests  that  the  paralysis  is  psychical 
in  origin;  or  the  reactions  will  be  abnormal,  with  or  without  RD, 
which  suggests  some  form  of  neuritis;  or  the  reactions  will  be 
normal,  but  muscular  contraction  will  produce  no  movement  of 
flexion  or  extension,  adduction  or  abduction,  and  so  on,  in  which 
case  there  is  every  reason  to  suppose  that  the  tendon  is  divided. 

In  such  a  case  it  is  best  to  test  with  the  tetanising  faradic  cur- 
rent, and  the  electrodes  are  applied  close  together  over  the  fleshy 
part  of  the  muscle,  to  avoid  diffusion  of  the  current.  A  series  of 
sustained  contractions  is  produced  by  means  of  the  key.  It  will 
then  be  observed  that  contraction  of  the  muscle  causes  no  corre- 
sponding movement  in  the  part  into  which  its  tendon  is  inserted, 
whereas  stimulation  of  adjacent  muscles  produces  movement. 
The  belly  of  the  muscle  will  be  felt  to  swell  beneath  the  touch,  but 
the  finger  will  not  detect  any  movement  of  the  tendon. 

During  this  examination  it  is  essential  to  place  the  limb  in  such 
a  position  liiat  a  certain  amplitude  of  movement  is  possible,  a 
precaution  recommended  by  Duchenne  (of  Boulogne).  To  facili- 
tate a  movement  of  flexion  at  any  given  joint,  the  limb  must  b« 
extended,  and  vice  versa. 

Further,  it  is  often  necessary,  as  Laquerridre  observed,  to  im- 
mobolise  certain  parts  :  to  be  sure,  for  instance,  that  the  terminal 
phalanx  is  being  flexed,  the  second  must  be  prevented  from  moving, 
or  the  whole  finger  will  be  drawn  towards  the  palm  of  the  hand, 
which  is  no  evidence  as  to  the  condition  of  the  fiexor  profundus. 

The  value  of  an  electrical  examination  in  cases  of  this  kind  is 
enhanced  by  the  fact  that  ability  to  execute  voluntary  movements 
may  conceal  the  presence  of  a  severed  tendon.  Muscular  groups 
rather  than  single  muscles  are  employed  in  voluntary  movemeuts  ; 
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moreover,  a  divided  muscle  is  always  retracted,  and  it  is  almost 
impossible  to  detect  its  contraction  by  touch. 

Unfortunately,  the  proportion  of  such  cases  presenting  nothing 
more  than  simple  division  of  a  tendon  is  much  lower  in  the  case 
of  gunshot  wounds  than  in  cwjcidents  in  civil  practice. 

Ruptured  tendons  are  often  embedded  in  scar  tissue  adherent 
to  neighbouring  structures,  which  frequently  forms  a  large  fibrous 
nxasB  from  which  it  is  impossible  to  dissect  a  muscle  or  tendon. 


CHAPTER  IV 

BLECTRO-DIAGNOSIS  IN  DISORDERS  OF  SENSATION  AND 
THE   SPECIAL   SENSES 

I.    Disorders  op  Cutaneous  Sensation 

Farado-cutaneons  Sensibility  and  Sensibility  to  Pain. — 
We  have  seen  that  under  certain  conditions  of  tech- 
nique the  faradic  current  is  liable  to  produce  marked 
sensory  effects.  Using  current  from  a  coil  of  fine 
winding  (current  of  tension),  and  an  active  electrode 
of  metal  rather  than  a  moist  electrode,  the  skin  being 
smeared  with  a  thin  film  of  vaseline,  sensibility  can 
be  tested  much  more  satisfactorily  than  by  using  a 
needle.  In  the  first  place,  the  fact  that  the  skin  is 
not  injured  by  the  process  enables  the  operator  to 
repeat  stimuli  indefinitely  without  leaving  any  trace 
of  them ;  further,  the  stimulus  may  readily  be  graduated 
and  measured  by  moving  the  secondary  coil;  and 
finally,  stimulation  can  be  carried  to  such  a  point 
that  all  forms  of  anaesthesia,  other  than  complete 
organic  anaesthesia,  can  be  overcome  by  the  current. 
With  these  advantages  the  faradic  coil  is  a  valuable 
means  of  testing  sensibility,  both  from  the  point  of 
view  of  affections  of  the  sensory  system,  and  for  the 
purpose  of  exposing  malingerers. 

176 
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When  a  metallic  electrode  (Tripier's  or  Duchenne's 
brush)  is  passed  lightly  over  a  limited  skin  area,  with 
the  interrupter  vibrating  rapidly,  and  when  at  the 
same  time  the  secondary  coil  is  moved  slowly  up 
towards  the  primary,  a  point  is  reached  (threshold  of 
stimulation),  at  which  the  patient  begins  to  experience 
a  slight  tickling  sensation.  This  is  the  farado-cutaneous 
sensation.  With  an  increase  in  the  strength  of  the 
current,  this  becomes  a  tingling  sensation,  which  is  at 
first  disagreeable,  and  gradually  becomes  definitely 
painful. 

The  first  sensation  of  tickling  and  the  sensation  of 
definite  pain  do  not,  in  healthy  subjects  and  for  any 
given  region,  correspond  to  a  fixed  and  invariable 
intensity  of  current,  but  usually  approximate  to  an 
average  obtained  with  a  given  position  of  the  coils  in 
each  faradic  apparatus.  By  noting  on  the  one  hand 
the  threshold  of  farado-cutaneous  sensation,  and  on 
the  other  the  threshold  of  painful  sensation,  two 
figures  are  obtained  between  which  is  included  what 
is  known  as  the  faradic  interval. 

The  intensities  required  are  practically  equal  for 
corresponding  points  on  opposite  sides,  but  vary  with 
different  regions  of  the  skin  surface.  The  sensation 
produced  by  a  given  current  in  the  tips  of  the  fingers, 
for  instance,  is  well  marked,  whereas  on  the  outer 
aspect  of  the  thigh  the  same  current  will  be  scarcely 
perceptible. 

To  avoid  all  possible  error  due  to  suggestion,  it  is 
essential,  in  testing  to  determine  the  threshold,  to 
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repeat  the  tests  several  times,  and  only  to  accept 
numerical  results  (measured  in  cms.  of  distance 
between  the  coils)  which  approximately  agree. 

Faradic  Testing  in  Disorders  of  Sensibility.  —  In- 
vestigations of  the  variations  in  sensibility  in  patho- 
logical conditions  (Drossdorf,  Erb,  Boudet  de  Paris, 
etc.)  have  been  directed  to  estimating,  first,  the 
threshold  of  farado-cutaneous  sensation ;  secondly, 
the  threshold  of  painful  sensation ;  and  lastly,  varia- 
tions of  the  faradic  interval. 

Pathological  alterations  of  sensibility  to  the  faradic 
current  occur  in  organic  disease  and  functional  dis- 
orders, accompanied  usually  by  sensory  changes 
(neuroses,  certain  cerebral  and  spinal  affections,  tabes, 
section  of  the  cord,  certain  forms  of  neuritis,  etc.). 

It  was  natural  to  suppose  that  the  two  stages  in 
faradic  sensation,  farado-cutaneous  sensation  and 
painful  sensation,  corresponded  to  two  forms  of 
sensibility,  sensibility  to  touch  and  sensibility  to 
pain,  and  it  was  hoped  that  the  intensity  of  the  thres- 
hold stimulus  would  afEord  an  objective  measure 
of  quantitative  pathological  changes  in  these  two  forms 
of  sensibility.  Actually,  however,  this  is  not  so  ;  as 
a  general  rule,  the  electrical  sensibility  of  the  skin 
varies  in  the  same  way  as  the  sensibility  to  pain. 

It  is  true  that  there  are  some  exceptions  to  this  rule. 
In  tabes,  for  instance,  as  was  shown  by  Erb,  farado- 
cutaneous  sensation  may  be  normal,  while  the  sensa- 
tion of  pain  cannot  be  produced  even  with  a  current 
12 
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of  maximum  strength.  In  this  case,  the  "  faradic 
interval"  is  equal  to  infinity  (1=  x). 

According  to  Huet,  similar  changes  may  be  met 
with  in  syringomyelia.  They  also  occur  in  Brown- 
Sequard's  paralysis.  Except  in  these  particular  cases, 
variations  in  the  sensibility  to  pain  can  be  determined 
more  accurately  by  means  of  the  faradic  current  than 
by  the  usual  clinical  methods. 

Determination  of  the  exact  limits  of  the  area  affected, 
objective  measurement  of  changes  in  sensibility  by  a 
more  delicate  method  than  that  of  the  needle,  and 
study  of  the  development  of  a  sensory  disorder  by 
definite  measurements,  represent  the  advantages  to 
the  physician  of  testing  sensibility  electrically.  It  is 
worthy  of  remark  that  larger  areas  of  altered  sensation 
will  often  be  detected  by  this  procedure  than  by  other 
means  of  investigation. 

Hysterical  anaesthesia,  in  addition  to  its  segmental 
distribution,  which  can  readily  be  verified  by  the 
faradic  current,  is  also  characteristic  in  being  only 
partial.  A  current  of  a  certain  strength  will  always, 
in  fact,  give  rise  to  sensation.  This  is  the  basis  of 
the  method  of  psychotherapy,  which  is  now  generally 
recognised  as  the  most  effective  treatment. 

Severance  of  a  nerve  should,  in  theory,  produce 
total  faradic  anaesthesia,  but  in  general  it  is  only 
partial  unless  more  than  one  nerve  has  been  divided ; 
in  other  words,  it  is  important  to  take  connecting 
and  recurrent  branches  into  consideration. 

Testing  sensibility  may  be  of  great  value  in  the 


k 


DISORDERS  OF  SENSATION  179 

clinical  and  topographical  diagnosis  of  grave  lesions 
of  the  cord.  As  in  the  case  of  a  divided  nerve,  faradic 
testing  will  indicate  the  exact  point  at  which  the 
sensory  path  is  interrupted. 

In  hemiplegia  with  crossed  hemiansesthesia  (Brown- 
S6quard's  paralysis),  faradic  testing  will  show  hyper- 
algesia on  the  side  of  the  lesion,  and  on  the  opposite 
side  an  increase  in  the  faradic  interval,  constituted  by 
a  greatly  raised  threshold  of  painful  sensation  (marked 
hypoalgesia)  and  a  normal  or  slightly  raised  threshold 
of  farado-cutaneous  sensibility. 

The  Galvano-psychical  Reflex.— With  a  very  sensitive 
galvanometer,  measuring  extremely  weak  currents 
and  graduated  in  micro-amperes,  it  is  possible  to 
determine  whether  certain  disorders  of  sensation  and 
the  special  senses  are  functional  or  organic,  through 
the  medium  of  the  galvano-psychical  reflex. 

Discovered  by  Fere,  and  taken  up  later  by  Veraguth, 
this  phenomenon  has  recently  been  studied  in  the 
course  of  military  experience  by  one  of  the  writers 
in  collaboration  with  Logre.^ 

If  a  healthy  subject  be  placed  in  a  galvanic  circuit 
of  very  low  electromotive  force  (4  to  6  volts),  the 
electrodes,  which  should  be  of  metal  and  of  consider- 
able surface  area,  being  kept  closely  in  contact  with 
the  palms  of  the  hands,  any  emotion  or  stimulation 
of  any  sensory  nerve  produces  an  instantaneout 
deflection  of  the  galvanometer,  indicating  a  sudden 

^  Zimmem  and  Logre,  Soc.  de  Neur.,  June  and  July  1917. 
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reduction  of  resistance  at  the  points  of  contact  with 
the  body. 

Any  emotions,  surprise,  attention,  or  mental  pro- 
cesses may  give  the  reflex  ;  for  this  reason  psychiaters 
have  attempted  utilising  it  as  a  measure  of  afEectivity. 
Sensory  stimuli  (touch,  pricking,  and  heat),  visual 
stimuli  (a  magnesium  flash,  for  instance),  and  auditory 
stimuli  (the  ringing  of  a  bell  or  vibration  of  a  tele- 
phone transmitter),  will  also  give  rise  to  the  pheno- 
menon. Of  the  three  forms  of  sensory  stimulation, 
heat  seems  to  be  the  most  reliable  and  effective,  in 
the  sense  that  it  always  causes  more  galvanometric 
deflection  than  either  of  the  others. 

Certain  authors  have  affirmed  that  these  sensory 
stimuli  do  not  act  directly,  but  indirectly  through  an 
affective  element  (emotion  resulting  from  perception), 
which  would  necessarily  imply  a  psychical  con- 
necting link  in  the  galvano-psychical  reflex.  It 
appears  to  us,  however,  that  this  affective  stage  in 
the  reflex  path  is  not  essential  to  the  production  of 
the  phenomenon,  since  in  the  case  of  hysterical  sub- 
jects, in  whom  the  reaction  is  usually  pronoimced,  it 
would  imply  subconscious  or  conscious  perception. 

In  extensive  and  profound  organic  anaesthesise 
(division  of  large  nerve  trunks  without  recurrent 
sensibility,  division  of  the  spinal  cord,  and  tabes),  if 
stimulation  is  carried  out  unobserved  by  the  patient, 
to  obviate  the  effects  of  expectant  anticipation,  no 
deflection  of  the  galvanometer  will  follow.  On  the 
other  hand,  stimulation  in  a  healthy  region  for  pur- 
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poses  of  control  will  produce  deflection.  In  hysteria, 
the  amount  of  deflection  is  usually  greater  than  in  a 
healthy  subject,  and  if  the  sensory  disturbance  is 
imilateral,  the  affected  side  will  give  a  more  pro- 
nounced response. 

The  same  appUes  to  the  deaf  :  psychical  deafness, 
or  deafness  which  is  largely  functional,  will  always 
give  a  more  or  less  marked  deflection.  In  a  case 
where  the  cause  of  deafness  is  organic,  and  hearing 


Via.  42. — Apparatus  for  the  galvano-psychic  reflex. 

has  really  been  lost,  a  loud  stimulus  has  no  effect, 
whereas  a  thermal  stimulus  applied  to  the  skin  of 
the  patient  will  cause  a  deflection. 

It  follows  from  these  observations  that  the  presence 
or  exaggeration  of  the  reflex  will  in  some  cases  lead 
to  suspicion,  and  in  others  prove  that  the  sensory 
affection  concerned  is  of  a  functional  nature.  Absence 
of  the  reflex,  when  satisfactory  control  tests  have  been 
performed  in  unaffected  regions,  is  absolute  proof  of 
an  organic  lesion  and  of  the  genuineness  of  the  case. 
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The  physiological  cause  of  the  phenomenon  is  the 
sudden  expulsion  of  sweat  retained  in  the  bodies  of 
the  sweat  glands,  by  contraction  of  the  unstriped 
muscle  surrounding  the  epithelium  of  the  lumen. 
The  'descending  path  of  the  reflex  is  through  the 
sympathetic  nerves,  which  control  this  momentary 
excretion.  The  reflex  will  obviously  not  be  obtained 
if  the  sweat  glands  are  not  secreting,  or  secreting 
insufficiently,  and  it  will  be  evident  from  the  circum- 
stances of  its  causation,  that  the  expulsion  of  sweat 
will  not  continue  indefinitely. 

II.   Apfections  of  the  Special  Senses 

Electrical  Reactions  of  the  Auditory  Nerve.  —  The 
auditory  is  the  only  nerve  of  special  sense  the  testing 
of  which  is  of  any  clinical  value.  We  shall  merely 
summarise  from  Roques's  ^  account,  the  results  which 
may  be  obtained. 

If  the  active  electrode  is  placed  in  the  external 
meatus  of  the  ear  to  be  tested,  and  the  passive  electrode 
some  distance  away,  it  will  be  found  that  the  strength 
of  the  current  can  be  increased  to  more  than  10 
milliamperes  without  producing  a  marked  auditory 
sensation  at  kathodal  closing.  This  sensation  is  only 
given  with  higher  intensities.  No  sensation  is  given 
by  a  current  of  less  than  10  miUiamperes  except  in 
cases  of  auditory  hyper-excitability. 

The  auditory  reaction  is  not  infrequently  produced 
in  the  opposite  ear.  This^phenomenon  is  known  as 
*  'Roquea,  Arch.ji'ikctr.  mid.,n9U. 
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the  paradoxical  reaction,  and  indicates  that  the  ear 
detecting  the  sound  is  the  affected  ear  in  the  case  of 
a  unilateral  lesion,  and  the  more  seriously  affected  in 
a  bilateral  lesion.  This  hyper-excitability  is  met  with 
in  otitis  media  and  interna,  in  hypercemic  affections 
of  the  labyrinth,  and  in  all  conditions  which  increase 
intra-cranial  pressure  (cerebal  tumours,  meningitis, 
etc.).  On  the  other  hand,  absence  of  reaction  to  20 
miUiamperes  indicates  grave  changes  in  the  two  laby- 
rinths. 


CHAPTER   V 

VOLTAIC   VERTIGO 

The  infinite  variety  of  head  wounds,  and  the  large 
percentage  of  cases  involving  ear  trouble,  deafness, 
and  vertigo  from  fracture  or  concussion,  have  led  to 
a  study  of  voltaic  vertigo  in  relation  to  these  dif- 
ferent conditions.  It  was  shown  by  the  work  of 
Babinski  and  his  pupils  that  of  all  the  methods  of  test- 
ing the  condition  of  the  internal  ear,  voltaic  vertigo 
is  one  of  the  most  sensitive. 

This  at  least  is  the  view  of  the  majority  of  otolo- 
gists and  neurologists,  although  some  consider  the 
modus  operandi  of  the  phenomenon  too  obscure,  and 
regard  other  tests,  rotatory,  caloric,  and  galvanic 
nystagmus,  as  adequate  for  diagnostic  purposes. 

G^vanic  Nystagmus. — When  the  ear  is  stimulated 
by  passing  a  current  of  increasing  strength  between 
one  tragus  and  the  other,  a  slow  simultaneous  move- 
ment of  both  eyes  towards  the  positive  pole  occurs 
when  the  strength  of  the  current  reaches  2  or  3  miUiam- 
peres  ;  this  is  followed  by  small  and  rapid  movements 
in  the  opposite  direction,  i.e.  towards  the  negative  pole, 
constituting  fine  rotatory  nystagmus.  To  observe  this 
movement,  the  patient  should  be  told  to  look  down- 
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wards,  and  the  operator  should  watch  closely  either 
the  pupil  or  a  vessel  in  the  conjunctiva. 

In  place  of  the  bipolar  method,  in  which  a  current 
is  passed  from  one  tragus  to  the  other,  the  unipolar 
method  may  be  employed,  which  consists  in  applying 
an  indifferent  electrode  to  the  back  of  the  neck  and 
the  negative  electrode  to  the  ear  which  is  being  tested. 


Fio.  43. — Galvanic  nystagmus. 

A  relatively  strong  current  (10  to  20  milliamperes)  is 
required  for  producing  nystagmus  by  this  method, 
and  the  vertigo  which  this  wiU  produce  renders  the 
procedure  decidedly  unpleasant  for  the  patient. 

Whatever  method  is  used,  the  movement  in  the 
nystagmus  is  always  towards  the  negative  pole  in  the 
normal  condition. 

When  nystagmus  is  produced  by  a  current  of  less 
than  2  ma.,  it  may  be  regarded  as  indicating  a  change 
in  the  internal  ear.  This  hyper-excitability  is  the  rule 
in  labyrinthine  haemorrhage  (M^nidre's  syndrome),  in 
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suppuration  in  the  internal  ear,  and  sometimes  in 
sclerosis.  When  a  current  of  more  than  4  ma.  is 
required,  or  if  nystagmus  is  not  produced  by  any 
current  which  can  be  tolerated  (the  limit  being  about 
16  ma.),  this  hypo-excitability  or  inexcit ability  of  the 
ear  concerned  is  generally  regarded  as  indicating  grave 
changes  in  the  posterior  labyrinth  (partial  or  total 
destruction,  neuritis  of  the  auditory  nerve,  etc.). 

We  are  not  aware  that  qualitative  changes,  as,  for 
instance,  abnormal  direction  of  the  movements  of 
nystagmus,  have  ever  been  described.  We  have  seen, 
however,  a  case  of  gunshot  wound  of  the  head,  which 
was  trephined,  in  which  nystagmus  was  replaced  by 
a  remarkable  movement  of  convergence.^ 

Normal  Voltaic  Vertigo.  —  Voltaic  nystagmus  is 
merely  an  element  in  the  syndrome  of  voltaic  vertigo  ; 
in  itself  it  has  only  a  relative  diagnostic  value,  and  it 
may  even  be  absent  in  the  normal  state. 

In  a  healthy  subject,  when  two  testing  electrodes 
are  applied  immediately  in  front  of  the  ear  and  a 
current  of  gradually  increasing  strength  is  passed,  a 
series  of  subjective  and  objective  phenomena  is  pro- 
duced. With  1  to  2  ma.,  the  patient  first  experiences 
a  sensation  of  giddiness  ;  with  from  2  to  5  ma.,  other 
subjective  phenomena  appear — a  metallic  taste,  phos- 
phenes,  ear-noises,  marked  vertigo,  malaise,  and 
nausea.  At  the  same  time  objective  phenomena  occur, 
viz.  nystagmus   and   incUriation  of    the  head  towards 

*  A.  Zimmem,  Soc.  neurol.,  April  1917. 
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the  positive  pole,  sometimes  so  pronounced  that  the 
patient  may  fall  backwards.  A  current  of  1  to  2  ma. 
will  usually  cause  this  movement ;  5  ma.  will  always 
produce  it  in  a  normal  person.     But  with  a  current  of 


^~*' 


Fio.  44.— Normal  voltaic  vertigo.      The  patient  is  leaning  towards 
the  -f  pole. 


slowly  increasing  strength,  the  resulting  slow  and 
gradual  movement  may  escape  observation  ;  in  such 
a  case,  if  the  circuit  is  broken,  a  sudden  further  in- 
clination of  the  head  will  usually  occur,  followed  by 
return  to  the  erect  position. 
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When  the  electrodes  are  applied  asymmetrically 
and  at  different  levels — if,  for  instance,  the  positive 
electrode  is  placed  above  the  usual  point  and  the 
negative  below  it,  below  the  lobe  of  the  ear  and  behind 
the  mandible — ^the  movement  produced  is  a  rotation  of 
the  head  on  its  vertical  axis,  towardb  the  positive  pole. 

In  young  subjects  the  sensation  of  giddiness  is  par- 
ticularly marked,  and  quite  a  weak  current  (1  to 
2  ma.)  is  sufficient  to  produce  it. 

Erb,  in  experiments  on  himself,  made  the  following 
observations  :  One  side  of  the  body  seems  to  have  lost 
its  weight,  with  the  result  that  the  body  falls  on  the 
opposite  side ;  the  subjective  sensation  of  unsteadi- 
ness is  greater  than  the  actual  movement  produced ; 
if  the  eyes  are  closed,  the  body  seems  to  have  moved 
farther  than  is  actually  the  case. 

According  to  Escat,  the  objective  reaction,  that  is 
to  say,  the  lateral  inclination,  is  much  more  evident 
if  the  subject  is  standing  with  the  heels  together  and 
the  eyes  closed,  i.e.  in  the  attitude  assumed  for  obtain- 
ing Rhomberg's  sign  (fig.  44).  In  this  position  there 
is  not  only  a  movement  of  the  head,  but  an  inclination 
of  the  whole  body  towards  the  positive  pole.^ 

Otologists  frequently  employ  the  unipolar  method, 
placing  the  positive  electrode  on  the  back  of  the  neck 
and  the  negative  over  the  ear,  as  was   described  in 

^  The  various  vestibular  tests  produce  reactional  movements 
which  may  spread  to  all  parts  of  the  body  simultaneously.  Each 
reactional  movement  is  followed  by  a  counter-reactional  movement 
in  opposite  direction.  In  voltaic  vertigo,  the  reaction  is  easily 
produced,  and  the  counter- reaction  is  immediate  (Babinski). 
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connection  with  nystagmus ;  with  this  arrangement 
a  stronger  current  is  required  for  producing  vertigo, 
and  its  effects  are  sometimes  less  easily  tolerated  than 
if  the  bipolar  method  is  employed. 

It  is  essential  in  carrjdng  out  these  tests  to  repeat 
them  a  number  of  times  in  succession,  when  the  re- 
action being  constant,  the  conclusion  will  be  beyond 
doubt.  At  the  same  time  care  should  be  taken  not 
to  repeat  the  stimulus  at  very  short  intervals,  since 
the  effect  of  the  current  diminishes,  and  movement  is 
therefore  no  longer  produced. 

Voltaic  Angular  Deviation. — If  a  healthy  indi- 
vidual be  asked  to  close  his  eyes  after  making  a  note 
of  a  certain  direction,  and  then  to  take  six  steps  for- 
ward in  this  direction,  followed  by  six  steps  back  in 
the  opposite  direction,  it  will  be  found  that  he  does  not 
deviate  appreciably  from  his  original  line  of  direction. 
This  is  the  test  of  spontaneous  angular  deviation  sug- 
gested by  Babinski  and  G.  A.  Weill.  ^ 

In  a  subject  whose  mechanism  of  equilibrium  is 
affected,  the  deviation  is  such  that  if  he  is  stopped 
after  several  turns  backwards  and  forwards,  he  will 
find  himself  facing  in  an  opposite  direction  from  that 
in  which  he  started,  or  at  least  considerably  to  the 
right  or  left  of  it. 

If  this  walking  test  be  applied  to  a  healthy  subject 
simultaneously  with  Barany's  thermal  test,  deviation 
occurs  in  a  direction  opposite  to  that  of  the  nystagmus 

1  Babinski  and  G.  A.  Weill,  Soc.  biol.,  April  2bth,  1913. 
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produced  (Buys).  With  cold  water,  there  is  deviation 
towards  the  side  of  the  ear  in  which  it  has  been  applied. 

More  accurate  results  are  obtained  with  bitemporal 
electrical  stimulation  during  the  walking  test,  the 
electrodes  being  kept  in  position  over  the  tragus  by 
elastic  bands,  and  connected  by  wandering  leads  to 
the  galvanic  apparatus.  In  a  normal  individual,  a 
current  of  1  to  \\  ma.  causes  inclination  towards  the 
side  of  the  anode ;  the  direction  taken  alters  towards 
the  positive  pole,  a  deviation  of  10°  to  15°  being  pro- 
duced in  each  forward  or  backward  course.  Conse- 
quently, when  the  ground  has  been  covered  forwards 
and  backwards  four  times  the  total  deviation  will  be 
190°.  This  is  voltaic  angular  deviation.^  The  actual 
course  pursued  assumes  the  form  of  a  star.* 

If  the  test  be  repeated  immediately  after  breaking 
the  circuit,  deviation  towards  the  opposite  side  is 
produced  ;   this  is  known  as  voltaic  counter-deviation. 

With  a  current  of  more  than  2  ma.,  the  shoulder 
falls  towards  the  positive  pole,  the  gait  is  asymmetrical, 
and  phenomena  of  interference  with  equilibrium  may 
even  appear  as  drimken,  staggering  gait  and  reflex 
movements  aimed  at  restoring  equilibrum  (Cestan). 

The  Normal  Vestibular  Reactions. — In  brief,  the 
following  reactions  are  given  by  healthy  individuals 
with  no  lesion  of  the  ear  : 

1.  Nystagmus,   the   movement   being  towards   the 

negative  pole. 

1  Babinski  and  G.  A,  WeiU,  Soc.  biol,  July  19th,  1913. 

*  Cestan,  jDeecoinps,  and  Sauvage,  Soc.  Mid.  dee  Hop.^  May  1916. 
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2.  Inclination  towards  the  positive  pole,  whatever 
its  position,  whether  over  one  ear  or  the  other,  with  a 
current  of  2  to  6  ma. 

3.  Voltaic  angular  deviation  towards  the  positive 
pole. 

These  normal  reactions  are  given,  not  only  by 
healthy  individuals,  but  by  individuals  suffering  from 
psychical  deafness.  But  a  deaf  person  with  normal 
reactions  should  not  be  regarded  on  this  account  as 
suffering  from  fimctional  deafness  or  as  a  malingerer. 
Only  anomalous  reactions  possess  a  definite  diagnostic 
significance. 

It  is  generally  recognised  that  abnormalities  of 
voltaic  vertigo  are  the  result  of  vestibular  lesions  ;  deaf- 
ness from  an  organic  cause  will  therefore  be  unaccom- 
panied by  abnormal  vertigo  unless  the  lesion  spreads 
to  the  vestibule. 

Abnormal  Vestibular  Reactions. — Although  the  rela- 
tion between  modifications  of  voltaic  vertigo  in 
the  pathological  state,  and  the  pathological  changes 
concerned  is  still  imperfectly  imderstood,  clinical 
experience  has  firmly  established  the  following  con- 
clusions : 

Two  kinds  of  modification  must  be  considered — 
quantitative  changes  in  the  strength  of  current  re- 
quired for  producing  inclination,  and  changes  in  the 
direction  of  the  inclination. 

(a)  Quantitative  Modifications  : 

There  is  said  to  be  hyper-excitability  when  an  ex- 
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tremely  disagreeable  sensation  of  vertigo  is  rapidly 
produced,  and  continues  after  stimulation  ceases ; 
when  inclination  is  caused  by  a  current  of  1  to  3  ma. ; 
or  again,  when  the  extent  of  the  movement  is  exag- 
gerated. In  certain  cases,  very  weak  currents  are 
liable  to  produce  an  unsteadiness  of  the  head,  which 
moves  in  all  directions — ^forwards,  backwards,  and 
laterally ;  this  condition  has  been  called  cephalic 
nystagmus. 

This  hyper-excitability  occurs  in  acute  or  chronic 
suppurative  otitis,  more  particularly  during  the  deve- 
lopment of  acute  labyrinthitis  (Hautant). 

Hypo-excitability f  sometimes  known  as  resistance  to 
vertigo,  is  characterised  by  the  fact  that  the  subjective 
sensation  of  vertigo  can  only  be  produced  with  diffi- 
culty, and  that  10  to  15  ma.  are  required  for  producing 
inclination. 

Hypo-excitability  may  be  unilateral,  inclination  on 
one  side  being  produced  by  a  current  of  2  to  6  ma., 
and  on  the  other  only  by  10  ma.  or  more. 

In  these  cases  of  hypo-excitability,  rotation,  angular 
deviation,  and  nystagmus  are  equally  affected,  all 
three  requiring  abnormally  strong  currents.  Nystag- 
mus may  even  be  absent. 

When  the  objective  reactions  of  vertigo  are  entirely 
absent,  there  is  said  to  be  inexcitdbility  or  absolute 
resistance  to  vertigo. 

Hypo-excitability  occurs  in  chronic  changes  in  the 
labyrinth  (grave  suppurative  labyrinthitis),  in  chronic 
otitis  media  with  involvement  of  the  labyrinth,  in 
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sclerosis  of  the  internal  ear,  and  lastly  in  head  injuries 
(fracture,  concussion,  etc.).  It  is  usually  present  in 
intracranial  lesions  which  cause  an  increase  in  the 
pressure  of  the  cerebro-spinal  fluid. 

Inexcitability  would  appear  to  indicate  destructive 
changes  in  both  labyrinths,  or  at  least  a  very  serious 
bilateral  lesion  (fractures  of  the  base). 

(h)  Changes  in  Direction  of  the  Inclination : 

Anomalies  in  the  direction  of  the  inclination  usually 
coexist  with  one  of  the  foregoing  quantitative  changes. 
Hyper-excitability  or  hypo-excitability,  however,  do  not 
necessarily  imply  such  an  anomaly :  the  inclination 
may  be  normal  in  direction,  even  in  severe  labyrinthine 
lesions.  Hautant  foimd  no  changes  in  the  direction 
of  the  inclination  in  cases  of  suppurative  labyrinthitis, 
or  after  trephining  to  expose  the  labyrinth. 

Anomalies  of  inclination  are  of  three  types  : 

1.  There  may  be  simply  predominance  of  amplitude. 
The  positive  pole  still  determines  the  direction  of  the 
inclination,  but  the  extent  of  the  movement  is  always 
greater  on  one  side  ;  this  indicates  a  change  in  the 
ear  of  that  side  if  the  affection  is  unilateral,  or  a 
severer  lesion  on  that  side  if  the  affection  is  bi- 
lateral. 

2.  The  inclination  is  invariably  towards  the  same 
side.  Whatever  the  position  of  the  positive  pole,  the 
head  inclines  towards  the  side  on  which  the  labyi-inth 
is  affected,  or  affected  in  greater  degree,  according 
to  the  formula  stated  by  Babinski  in  1903. 

This  rule  is  not,  however,  invariable.     There  may 
13 
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^be  inclination  only  towards  the  unaffected  side,  as  in 
complete  unilateral  destruction  of  the  vestibular 
mechanism ;  or  there  may  be  inclination  towards  the 
affected  side  when  the  positive  pole  is  applied  to  that 
side,  and  a  rapid  backward  movement  when  it  is 
applied  to  the  unaffected  side. 

3.  In  some  cases  inclination  is  absolutely  irregular, 
sometimes  to  one  side,  sometimes  to  the  other ;  in 
other  cases  the  movement  is  always  backward.  These 
phenomena  are  often  accompanied  by  great  diminution 
in  excitability,  and  appear  to  indicate  bilateral  lesions. 

The  Vestibular  Reactions  in  Head  Injuries,  Concus- 
sion, and  After  Trephining. — A.  Voltaic  Vertigo. — Test- 
ing voltaic  vertigo  in  cases  of  head  injury  has  shown 
that  the  reactions  are  commonly  abnormal. 

It  is  not  essential  that  the  petrous  portion  of  the 
temporal  bone  should  be  involved  :  abnormalities  of 
vertigo  may  follow  fracture  of  any  part  of  the  skull, 
or  even  simple  concussion. 

Injuries  of  the  skull  often  leave  the  patient  with 
sensations  of  giddiness  of  various  kinds,  disorders  of 
equilibrium,  and  disorders  of  hearing.  These  are 
usually  accompanied  by  changes  in  the  objective 
reactions,  consisting  of  modifications  of  excitability, 
diminished  or  absent  nystagmus,  and  abnormal 
direction  of  inclination.  It  is  not  exceptional  to  find 
profound  changes  in  voltaic  vertigo  where  the  clinical 
manifestations  are  slight  (slight  vertigo,  and  reduced 
acuteness  of  hearing). 
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These  changes  indicate  that  the  subjective  symptoms 
are  of  organic  origin,  and  dispose  of  the  idea  that  the 
disorder  is  psychical  or  simulated  (Babinski). 

Cestan  regarded  quantitative  changes  as  an  almost 
invariable  feature  in  head  injuries.  Hypo-excitability 
is  present  in  cases  where  trephining  has  been  performed 
or  a  certain  amount  of  bone  has  been  removed,  and 
hyper-excitability  in  concussion  and  injuries  of  the 
mastoid  and  occipital. 

A  number  of  different  changes  in  the  direction  of 
the  inclination  would  appear  to  be  possible,  since  in 
cases  which  Babinski  studied  after  trephining,  the 
normal  inclination  and  rotation  were  replaced  either 
by  unilateral  inclination,  unilateral  rotation,  inclina- 
tion and  rotation  on  one  side  only,  inclination  on  one 
side  and  rotation  on  the  other,  circumduction  of  the 
head,  forward  and  backward  movements  of  the  head, 
or,  lastly,  by  cephalic  nystagmus. 

B.  Voltaic  Angular  Deviation. — The  effect  of  the 
galvanic  current  on  forward  movement  has  been 
studied  notably  by  Cestan,  Descomps,  Euzi^re,  and 
Sauvage,^  who  observed  changes  in  the  type,  direction, 
and  degree  of  angular  deviation. 

In  place  of  the  star-shaped  line  of  movement,  which 
they  regarded  as  normal,  they  frequently  observed  a 
lateral  deviation  (curve  or  zig-zag)  with  one  or  both 
positions  of  the  positive  pole. 

As  with  the  inclination  in  vertigo,  there  may  be 

^  Cestan,  Descomps,  Euzidre,  and  Sauvage,  Soc.  Mid,  Hop., 
October  27th,  1916. 
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univocal  angular  deviation  independent  of  the  position 
of  the  positive  pole. 

Lastly,  whereas  the  angle  of  deviation  in  a  healthy 
individual  is  about  90°,  this  may  be  increased  or 
reduced  in  pathological  conditions,  and  is  sometimes 
even  greater  in  one  direction  than  in  the  other.  Equal 
extent  of  deviation  in  both  stages  of  the  test  (deviation 
and  counter-deviation)  is  exceptional  in  disease. 

The  diagnostic  value  of  these  changes  is  similar 
to  that  of  abnormal  voltaic  vertigo.  Cestan  further 
asserts  that  whenever  vertigo  is  abnormal,  the  devia- 
tion produced  by  an  electric  current  will  indicate 
similar  conclusions.  It  must  not  be  assumed,  how- 
ever, that  the  results  of  these  two  tests  will  always  be 
analogous  in  form ;  to  give  only  a  single  example, 
bilateral  inclination  in  vertigo  may  be  accompanied 
by  unilateral  angular  deviation.  These  facts  do  not 
militate  against  the  value  of  the  method  when  it  is 
applied,  not  for  the  purpose  of  discovering  the  exact 
situation  or  nature  of  the  lesion,  but  in  order  to  prove 
that  the  subjective  symptoms  of  which  the  patient 
complains  have  some  basis  in  actual  organic  change. 

The  Theory  of  Anomalies  in  Voltaic  Vertigo. — Nystagmus  is  pro- 
duced by  stimulation  (rotation,  heating,  or  galvanisation)  of  one 
of  the  vestibules,  the  vestibular  nerve,  or  of  its  nuclei  in  the 
medulla. 

In  the  vestibule,  the  reflex  appears  to  originate  more  particularly 
in  the  ampullary  region  of  the  semicircular  canals.  The  hair- 
cells  of  the  crista  acustica  are  affected  by  movements  of  the  endo- 
lymph,  and  transmit  this  stimulus  to  the  terminations  of  the 
vestibular  nerve. 

Barany's  caloric  nystagmus  is  usually  regarded  as  being  produced 
by  an  ascending  current  in  the  endolymph,  its  temperature  in  the 
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external  semicircular  canal  being  raised  ;  this  effect  has  even  been 
regarded  as  explaining  galvanic  nystagmus  in  cataphoresis  and 
galvanotropism  of  the  hair- cells  (Bnmings). 

It  is  difficult,  however,  to  believe  that  in  caloric  nystagmus  the 
liquid  injected  into  the  external  ear  will  raise  the  temperature  of 
the  internal  ear  sufficiently  to  produce  convection  currents.  Further, 
such  currents  would  hardly  affect  the  walls  of  the  canals,  and 
consequently  the  hair-cells ;  in  a  capillary  tube  about  the  size  of 
a  pin  {i.e.  of  the  same  diameter  as  the  semicircular  canals),  filled 
with  liquid  of  a  certain  viscosity,  movement  is  almost  entirely 
confined  to  the  centre  of  the  column,  and  the  liquid  in  contact  with 
the  walls  of  the  tube  is  almost  stationary. 

The  possibility  of  electrical  convection  seems  equally  unlikely, 
in  view  of  the  minute  size  of  the  semicircular  canals,  and  conse- 
quently the  insignificant  fraction  of  the  current  which  traverses 
them. 

On  the  contrary,  it  seems  much  more  reasonable  to  suggest  that 
here,  as  elsewhere,  the  galvanic  current  acts  directly  by  stimulating 
the  vestibular  nerve.  It  has  been  shown  that  galvanic  nystagmus 
not  only  occurs  in  lesions  of  the  labyrinth,  but  also  in  cases  in  which 
the  nerve  endings  are  affected. 

Voltaic  vertigo,  properly  so-called,  also  originates  in  stimulation 
of  the  posterior  labyrinth. 

Babinski's  experiments  on  the  pigeon,  and  those  of  Weill,  Barr6, 
and  Vincent  on  the  guinea-pig,  leave  no  possibility  of  doubt  on  this 
point.  Experimental  galvanic  stimulation  of  the  labyrinth  in 
the  animal  produces  the  phenomena  of  voltaic  vertigo,  and  destruc- 
tion of  the  labyrinth  abolishes  them. 

In  the  guinea-pig,  the  rotation  normally  produced  by  the  action 
of  the  positive  pole  is  generally  absent  after  unilateral  extirpation 
of  the  labyrinth.  It  can  only  be  produced  by  applying  the  positive 
pole  on  the  opposite  side.  After  bilateral  extirpation  no  move- 
ment can  be  produced. 

Extracranial  section  of  the  auditory  nerve  gives  similar  results. 
It  is  therefore  evident  that  the  vertigo  is  not  a  purely  labyrinthine 
effect,  but  depends  on  stimulation  of  the  centripetal  fibres  (vesti- 
bular nerve)  originating  in  the  labyrinth. 

The  mechanism  of  the  reflex  itself,  the  muscles  concerned  in 
the  movements  produced,  the  relation  of  these  movements  to 
labyrinthine  tonus,  and  the  specific  action  of  the  positive  pole, 
represent  questions  of  which,  as  yet,  we  know  very  little. 


CHAPTER  VI 

Electro-Diagnosis  and  the  Medical  Boards 

The  importance  of  electrical  diagnosis  has  been  recog- 
nised by  the  army  medical  service,  with  the  result 
that  the  report  on  an  electrical  examination  has 
been  given  adequate  prominence  in  Medical  Board 
papers. 

Every  case  of  paralysis  of  any  kind  or  degree 
should  be  sent  for  electrical  examination. 

When  it  is  remembered  that  the  Medical  Board, 
the  Minister,  or  even  Council  of  State  which  represents 
the  final  court  of  appeal  in  awarding  pensions,  have 
only  medical  reports  from  which  to  draw  their  con- 
clusions, it  will  be  recognised  that  these  reports 
should  include,  whenever  possible,  unquestionable 
scientific  data,  which  will  verify  the  clinical  evidence 
and  assist  the  decisions  of  experts. 

Camus  has  shown  how  much  can  be  gained  from 
physiological  means  of  examination  (the  dynamo- 
ergograph  and  measurement  of  the  vaso  motor  and 
psycho-motor  reactions)  :  of  these  procedures,  elec- 
trical examination  is  second  to  none  in  importance. 

There  will  be  no  question  of  a  paralysis  when  a 
recent  electrical  examination  confirms  its  existence. 
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Further,  although  a  clinical  examination  will  deter- 
mine the  extent  of  functional  impairment,  the  elec- 
trical reactions  will  often  indicate  the  prognosis,  an 
important  factor  in  estimating  the  extent  of  a  dis- 
ability, and  particularly  in  deciding  whether  a  man 
is  to  be  discharged  from  the  army,  discharged  tem- 
porarily, or  transferred  to  an  auxiliary  branch. 

It  was  hoped  by  some  that  electrical  methods  would 
afford  objective  evidence  of  the  functional  power  of 
nerves  and  muscles,  and  that  the  formulae — complete 
RD,  partial  RD,  etc. — would  be  of  value  as  indicating 
definite  degrees  of  disability.  Attempts  have  also 
been  made  to  class  the  various  stages  of  RD  in  degrees, 
according  to  the  state  of  faradic  and  galvanic  excit- 
ability, the  polar  formula,  the  nature  of  the  contrac- 
tion, and  the  longitudinal  reaction,  each  of  these 
signs  to  indicate  a  further  stage  in  degeneration. 
Such  a  classification  as  this  would  obviously  provide 
a  scale  of  degrees  of  severity  which  would  enable 
any  medical  officer,  apart  from  special  qualifications, 
to  form  conclusions  with  a  minimum  of  difficulty. 
But  this  system  is  far  from  corresponding  to  clinical 
reality ;  it  may  rightly  be  applied  in  cases  of  recent 
injury,  but  it  is  wide  of  the  mark  in  long-standing 
paralyses,  such  as  appear  before  Medical  Boards. 
Such  cases  may  have  improved,  or  complete  functional 
recovery  may  have  taken  place,  but  at  the  same  time, 
as  members  of  Medical  Boards  have  very  rightly  been 
reminded  by  the  Guide-barime  des  Invalidites,  volun- 
tary movement  is  recovered  before  regressive  changes 
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in  the  electrical  reactions  have  begun.  The  results  of 
electrical  examination  may  therefore  be  identical  in 
two  cases,  in  one  of  which  function  has  to  a  great 
extent  been  recovered,  while  in  the  other  nothing 
beyond  muscular  tone  has  been  regained.  If  the 
electrical  reactions  were  taken  as  sole  guide,  the  extent 
of  the  disability  would  be  assessed  as  equal  in  the 
two  cases. 

Larat  has  proposed  simplifying  the  terminology  by 
abolishing  the  expression  "  partial  R.D,"  a  condition 
which  he  himself  regards  as  indicating  an  early  and 
rapid  improvement.  We  are  not  of  the  opinion  that 
the  term  should  be  abolished,  since  partial  RD  may 
occur,  either  as  a  preliminary  stage  to  complete  RD, 
or,  on  the  other  hand,  during  the  regressive  period, 
where  it  reflects  the  traces  of  the  lesion  that  re- 
main. 

Actually,  however,  whatever  term  may  be  employed 
to  describe  a  group  of  abnormal  electrical  reactions, 
it  cannot  adequately  inform  a  Medical  Board  of  the 
exact  condition  of  affairs.  It  is  only  by  interpreting 
the  electrical  reactions  and  correlating  them  with 
clinical  observations  that  a  conclusion  can  rightly  be 
drawn. 

What  information  can  the  Medical  Board  obtain 
from  an  electrical  examination  ? 

The  presence  of  abnormal  electrical  reactions  differ- 
entiates at  once  between  organic  paralyses  and 
simulated,  hysterical,  or  functional  paralyses  (Ba- 
binski   type).     In  the   majority  of   cases,   when   the 
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case  appears  before  the  Medical  Board,  an  electrical 
examination  merely  confirms  the  clinical  diagnosis.^ 
We  have  already  mentioned  that  it  is  common  for  a 
fmictional  paralysis  to  be  associated  with  an  organic 
lesion  :  in  such  cases,  an  electrical  examination  will 
differentiate  between  what  is  due  to  hysteria  and 
what  to  organic  change. 

An  electrical  examination  for  the  purposes  of  a 
Medical  Board  often  reveals  an  unsuspected  lesion. 
If,  for  instance,  the  Board  is  faced  with  an  ankylosis 
of  the  knee  following  an  arthrotomy  for  articular 
fracture,  and  this  is  found  to  be  accompanied  by 
interference  with  the  movements  of  the  foot,  electrical 
examination  will  often  reveal  an  unrecognised  lesion 
of  the  external  popliteal  nerve,  the  foot-drop  having 
previously  been  attributed  to  the  prolonged  immo- 
bihsation  or  to  muscular  atrophy.  We  have  men- 
tioned elsewhere  that  paralysis  of  the  ulnar  may  pass 
unrecognised  apart  from  an  electrical  examination. 
Similarly,  in  cases  which  have  been  in  hospital  for 
some  months  and  are  in  process  of  being  boarded  out 

*  During  the  first  two  years  of  the  war,  we  frequently  found  in 
the  medical  history  sheets  of  cases  sent  to  us  for  electrical  examina- 
tion, observations  implying  an  organic  lesion  of  a  peripheral  nerve, 
whereas  the  reactions  were  found  to  be  absolutely  normal.  Pro- 
ceeding with  a  clinical  examination,  we  generally  found  that  the 
case  was  one  of  functional  paralysis.  Duco  and  Blum  describe 
numerous  cases  in  which  a  further  examination  ordered  by  the 
Board  led  to  alteration  of  the  original  diagnosis  of  an  organic  lesion. 
Some  months  ago,  specialists  for  conducting  neurological  examina- 
tions were  attached  to  all  Medical  Boards,  in  districts  where  there 
was  no  neurological  centre.  Unrecognised  hysterical  paralyses  are 
N»ow  very  rarely  to  be  met. 
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of  the  army,  we  have  frequently  discovered  grave 
nerve  lesions  with  complete  RD,  which  had  previously 
been  unsuspected ;  in  some  cases  a  bone  lesion  was 
the  principal  injury  (in  articular  fracture  of  the 
wrist  with  ankylosis,  for  instance,  paralysis  of  the 
muscles  of  the  thenar  eminence  may  remain  un- 
noticed), in  others,  it  may  only  have  been  observed 
that  one  nerve  is  paralysed,  whereas  another  is  equally 
affected.  It  seems  hardly  necessary  to  emphasise  the 
importance,  from  the  point  of  view  of  the  man's  own 
interests,  of  carrying  out  this  additional  examinar 
tion. 

In  organic  paralyses  of  peripheral  nerves,  an  elec- 
trical examination  will  determine  the  actual  condition 
of  the  lesion.  It  is  not  sufl&cient  to  carry  out  a  rapid 
examination  and  then  to  say  that  RD  is  or  is  not 
present ;  it  is  also  necessary  to  determine  the  stage 
of  the  degeneration  and  to  interpret  these  data,  to 
find  whether  the  electrical  reactions  suggest  a  lesion 
capable  of  repair,  or  a  permanent  lesion,  since  the 
decision  as  to  the  degree  of  disability  and  future  of 
the  man  concerned  (discharge,  temporary  discharge, 
or  transfer  to  an  auxiliary  branch),  which  depend 
on  the  results  of  this  examination  and  on  the 
clinical  evidence,  will  be  decidedly  different  in  each 
case. 

Hypo-excitability  may  be  found  to  be  the  only 
anomaly  in  the  electrical  reactions  ;  in  some  cases 
it  is  the  only  remaining  trace  of  an  RD  in  process  of 
regression,  in  others  it  is  entirely  independent  of  RD. 
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It  occurs  in  simple  muscular  atrophies,  but  also  in 
certain  nerve  lesions,  the  clinical  signs  of  which  suggest 
a  grave  condition.  Simple  hypo-excitability  is  usually 
a  favourable  sign. 

Partial  RD  also  suggests  a  favourable  prognosis  in 
the  majority  of  cases  ;  it  may  be  present  either  in 
slight  paralyses  or  during  nerve  regeneration. 

Complete  RD  indicates  a  grave  nerve  lesion.  Its 
manner  of  evolution  being  variable,  its  significance  in 
prognosis  depends  on  whether  that  evolution  appears 
to  be  progressive  or  regressive.  The  nerve,  as  well 
as  the  muscles,  should  be  tested,  since  it  is  in  the 
former  that  the  first  signs  of  regressive  change  appear. 
Longitudinal  hyper-excitability  is  also  an  important 
sign,  but  is  not  in  itself  a  sufficient  reason  for  con- 
cluding that  the  paralysis  is  incurable :  in  toxic 
neuritis,  for  instance,  longitudinal  hyper-excitability 
is  common,  but  recovery  usually  takes  place.  In  the 
vast  majority  of  cases,  reliable  conclusions  can  only 
be  based  on  repeated  examinations,  or  on  sufficiently 
explicit  reports  of  previous  electrical  examina- 
tions. 

Absolute  inexcitability  must  logically  be  regarded 
as  indication  that  the  lesion  is  incapable  of  repair. 
It  is  certainly  an  extremely  grave  sign,  but  it  must 
be  remembered  that  after  suitable  physiotherapeutic 
treatment,  or  an  operation  (suture  or  liberation  of  the 
nerve),  inexcitability  may  persist  for  a  long  time  before 
the  appearance  even  of  the  earlier  effects  of  successful 
treatment.     It  is  therefore  advisable  in  some  cases  to 
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postpone  the  decision  when  the  condition  is  suspected 
of  being  incurable.  When  the  lesion  dates  from  more 
than  a  year  previously,  when  muscular  atrophy  is 
marked,  and  accompanied  by  marked  trophic  disorder, 
it  is  almost  impossible  that  function  can  even  partially 
be  recovered. 

Compensation  for  injuries  received,  either  on  active 
or  during  home  service,  takes  one  of  two  forms,  a 
pension  or  a  gratuity.  By  the  terms  of  the  Act  of 
1831,  which  is  still  in  force,  a  pension  is  only  awarded 
when  the  disability  is  both  severe  and  incurable. 
This  is  a  pension  for  life,  and  even  though  it  may 
have  been  granted  owing  to  an  error  in  diagnosis 
or  prognosis,  the  State  has  no  alternative,  and  it 
must  continue  to  be  paid ;  hence  the  importance 
of  avoiding  haste  in  deciding  that  a  nerve  lesion  is 
incurable. 

A  gratuity  is  granted  when  the  extent  of  functional 
impairment  is  at  least  10  per  cent. ;  the  condition 
may  be  curable  within  a  variable  length  of  time,  even 
such  that  recovery  is  comparatively  rapid.  According 
to  the  nature  of  the  case,  the  man  is  either  discharged 
permanently,  in  which  case  the  gratuity  awarded  will 
be  paid  every  two  years,  or  he  is  discharged  temporarily, 
which  means  that  he  may  be  called  up  again  for  active 
service  twelve  months  later,  for  which  period  he 
receives  the  gratuity  awarded.  Thirdly,  a  man 
recommended  for  a  gratuity  may  be  transferred  to 
auxiliary  service  if  his  disability  is  not  so  serious  as 
to  be  incompatible  with  such  service,  in  accordance 
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with   the   stated  instructions  as   to   physical  fitness 
for  military  service. 

The  testing  of  voltaic  vertigo,  together  with  the 
examination  of  the  cerebro-spinal  fluid  in  cases  of 
head  injury  (trephining  or  concussion),  became  com- 
pulsory, following  a  meeting  of  the  Societe  de  Neuro- 
logic in  April  1916.  This  was  a  fortunate  decision, 
since  abnormal  vertigo  demonstrates  the  objective 
nature  of  the  disorders  (vertigo  and  headache)  of 
which  the  patient  complains.  Abnormalities  in  vertigo 
should  be  taken  into  account  in  the  decisions  of  a 
Medical  Board,  but,  as  with  the  muscular  reactions, 
they  can  only  be  a  single  factor  in  that  decision. 
Lortat-Jacob  requested  that  no  head  case  with  abnor- 
mal vertigo  should  return  to  active  service  ;  Laignel- 
Lavastine  will  never  send  a  man  back  to  his  depot 
until  his  vertigo  is  normal.  As  a  matter  of  fact,  it  is 
impossible  to  state  a  definite  rule. 

In  short,  although  electro-diagnosis  cannot  deter- 
mine the  precise  nature  of  a  nerve  lesion,  it  is  of 
great  value  to  the  Medical  Board  as  an  objective 
sign  of  an  organic  lesion  and  as  a  factor  in  deciding 
the  prognosis.  It  is  therefore  absolutely  essential 
that  the  examination  should  be  exactly  and  carefully 
carried  out. 

In  every  case  a  report  should  be  written,  dealing 
not  merely  with  the  elementary  reactions  obtained, 
but  giving  clear  and  concise  conclusions.  We  have 
already  pointed  out  the  faults  of  arbitrary  classifica- 
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tions  ;  nothing  so  clearly  illustrates  the  ever-recurring 
difficulty  in  forming  conclusions  as  the  apparent  dis- 
crepancies by  which  we  are  sometimes  momentarily 
nonplussed.  The  decision  of  the  electrologist  is  a 
matter  of  judgment,  for  all  cases  have  their  individual 
character. 
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39  C  1/7.  March  I5thy  1916. 

Organisation  of  medico-legal  procedure  in  cases  recom- 
mended for  pensions  and  permanent  discharge 

You  are  instructed  to  draw  up  what  is  known  as  the 
Dossier  medical  of  the  man  in  question;  that  is  to  say, 
the  combined  reports  which  will  enable  specialists  such 
as  the  members  of  the  consulting  commission  to  ascertain 
the  cause,  the  exact  nature,  the  origin,  the  degree  of 
gravity,  and  the  condition  of  incurabiUty  or  non-incura- 
biUty  of  diseases  and  disabilities. 

This  medico- legal  dossier  contains  the  reports  of  duly 
qualified  specialists  (ophthalmologists,  oto-rhinologists, 
neurologists,  etc.),  the  results  of  electrical  examinations, 
radiographic  examinations,  etc. ;  in  fact,  all  data  essential 
for  judging  of  the  gravity  and  the  incurabiUty  or  non- 
incurabiUty  of  the  disabiUties  concerned. 

II 

Guide-Babeme  des  Invalidites,  1916 

Paralysis  of  Nerves 

Every  case  of  paralysis  involves  a  study  of  the  impair- 
ment of  movement  and  sensation,  the  condition  of  the 
reflexes,  and  vaso-motor,  trophic,  and  electrical  disorders. 
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The  latter  in  particular  are  of  the  greatest  importance, 
from  the  point  of  view  both  of  the  gravity  of  the  lesion 
and  of  the  prognosis,  and  consequently  of  estimating  the 
degree  of  disability. 

It  is  of  particular  importance  to  determine  whether 
RD  is  present.  Its  presence  definitely  indicates  a  lesion 
of  the  peripheral  motor  neurone. 

RD  may  be  complete  or  partial. 

Complete  RD  appears  in  cases  of  complete  division  of 
the  nerve,  and  in  many  cases  of  compression.  It  corre- 
sponds to  complete  paralysis. 

Partial  RD  occurs  in  compression  and  irritation  of 
the  peripheral  motor  neurone.  It  corresponds  to  incom- 
plete paralysis. 

When  complete  RD  is  observed,  the  condition  is  grave, 
and  often  itwurable. 

It  should  not  be  concluded  prematurely,  however, 
that  the  paralysis  is  incurable  :  this  conclusion  is  only 
permissible  when  prolonged  and  vigorous  treatment  has 
been  without  effect. 

Nerves,  like  all  other  tissues,  when  they  have  been 
injured,  have  a  natural  tendency  to  undergo  repair,  and 
in  this  process  the  axis-cylinder  is  the  first  element  to 
regenerate.  Now  this  axis-cyUnder  is  capable  of  trans- 
mitting an  electrical  stimulus,  and  in  accordance  with 
the  law  stated  by  Duchenne  (of  Boulogne),  the  power  of 
voluntary  movement  reappears  earher  than  electrical 
excitability. 

If,  on  the  other  hand,  the  lesion  is  in  process  of  becoming 
incurable,  the  nerve  remains  permanently  inexcitable, 
and  in  the  case  of  the  muscle,  hypo-excitability  is  succeeded 
by  inexcitability. 

If  RD  is  partial,  the  prognosis  is  more  favourable  ;  the 
condition  is  curable,  and  if  recovery  is  not  certain,  it  ia 
at  least  extremely  probable. 
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III 

348  C  1/7  COM.  December  5th,  1916. 

Medical  examination  of  cases  of  head  wounds  from  the 
point  of  view  of  fitness  for  further  service 

Le  Sous-Secretaire  d'Etat  du  Service  de  Sante  militaire 
to  MM.  les  Directeurs  du  Service  de  S antes  des  Regions. 

The  question  of  the  fitness  for  service  of  men  who  have 
received  head  wounds  has  been  the  subject  of  numerous 
discussions.  At  the  meeting  of  members  of  the  Society 
de  Neurologie  de  Paris  and  representatives  from  miUtary 
neurological  centres,  the  problem  was  examined,  and  it 
was  decided  that  from  facts  hitherto  observed  and  inter- 
preted the  following  conclusions  could  be  drawn. 

In  the  first  place,  head  injuries  involving  grave  organic 
lesions  of  the  nervous  system,  such  as  hemiplegia,  mono- 
plegia, loss  of  speech,  very  extensive  losses  of  bone,  etc., 
obviously  incompatible  with  any  form  of  mihtary  service, 
must  be  excluded. 

Apart  from  these  cases,  it  is  necessary  in  every  case 
of  head  injury  to  examine  for  a  number  of  other  disorders, 
the  presence  of  which  is  important  from  the  point  of  view 
of  the  prognosis  :  headache,  phosphenes,  dizziness  ;  laby- 
rinthine, visual,  and  mental  disorders ;  abnormalities  in 
voltaic  vertigo ;  the  emotional,  sympathetic,  circulatory, 
and  secretory  reactions  ;  and  lastly,  excess  of  albumen  in 
the  cerebro- spinal  fluid,  etc. 

As  regards  the  course  to  be  adopted  in  cases  in  which 
these  disorders  have  been  present,  or  are  still  present,  it 
appears  difiicult  and  undesirable  to  formulate  arbitrary 
instructions ;  account  should  always  be  taken  of  the 
individual  nature  of  the  case. 

It  may,  however,  be  stated  as  a  principle  that  men 
14 
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who  have  received  head  wounds  should  not  return  to 
the  front,  apart  from  altogether  exceptional  cases  which 
have  been  submitted  to  prolonged  observation. 

The  procedure  indicated  is  usually  temporary  discharge^ 
or  transfer  to  an  auxihary  branch  of  the  service. 

Justin  Godabt. 
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"The  Psychoneuroses  of  War"  being  a  book  which  is  addressed  to  the  clinician,  the 
authors  have  endeavoured,  before  all  else,  to  present  an  exact  semeiology,  and  to  give  their 
work  a  didactic  character.  After  describing  the  general  idea  of  the  psychoneuroses  and  the 
methods  by  which  they  are  produced,  the  authors  survey  the  various  clinical  disorders  which 
have  been  observed  during  the  war. 

THE  CLINICAL  FORMS  OF  NERVE  LESIONS  (Vol.  I).  By 
Mme.  Athanassio  Benisty,  House  Physician  of  the  Hospitals  of 
Paris  (Salpetriere),  with  a  Preface  by  Professor  Pierre  Marie. 
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In  this  volume  will  be  found  described  some  of  the  most  recent  acquisitions  to  our  knowledge 
of  the  neurology  of  war.  But  its  principal  aim  is  to  initiate  the  medical  man  who  is  not  a 
specialist  into  the  examination  of  nerve  injuries.  He  will  quickly  learn  how  to  recognise 
the  nervous  territory  affected,  and  the  development  of  the  various  clinical  features  ;  he  will 
be  in  a  position  to  pronounce  a  precise  diagnosis,  and  to  foresee  the  consequences  of  this  or 
that  lesion. 
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of  particularly  useful  data  as  to  the  evolution  of  nerve-wounds— the  opportimities  of  inter- 
vention— and  the  prognosis  of  immediate  complications  or  late  sequelae. 
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"  The  importance  of  this  comprehensive  series  can  hardly 
be  exaggerated.  The  French  genius  in  its  application  to 
scientific  medicine  will  be  discovered  here  at  its  best  and 
it  will  be  found  to  be  a  distinct  gain  to  have  had  this  method 
of  collaboration    applied   to   so  important   an  enterprise." 


THE  TREATMENT  OF  FRACTURES.  By  R.I^eriche^  Assistant 
Professor  in  the  Faculty  of  Medicine,  Lyons.  Edited  by  F.  F. 
Burghard,  C.B.,  M.S.,  F.R.C.S.,  formerly  Consulting  Surgeon  to 
the  Forces  in  France.  Vol.  I.—"  Fractures  Involving  Joints." 
With  97  illustrations  from  original  and  specially  prepared  drawings. 

Price  7/6  net 

The  author's  primary  object  has  been  to  produce  a  handbook  of  surijcal  therapeutics.  But 
surgical  therapeutics  does  not  mean  merely  the  technique  of  operation.  Technique  is,  and 
should  be,  only  a  part  of  surgery,  especially  at  the  present  time.  The  pu-rely  operative 
surgeon  is  a  very  incomplete  surgeon  in  time  of  p^ace  ;  *'  in  time  of  war  he  becomes  a  public 
disaster ;  for  operation  is  only  the  first  act  of  the  first  dressing." 

Vol.  II.— "Fractures  of  the  Shaft."  With  156  illustrations  from 
original  and  specially  prepared  drawings.  Price  7/6  net 

Vol.  I.  of  this  work  was  devoted  to  Fractures  Involving  Joints',  Vol.  II.  (which  completes 
the  work)  treats  of  Fractures  of  the  Shaft,  and  is  conceived  in  the  same  spirit— that  is,  with 
a  view  to  the  production  of  a  work  on  conservative  surgical  therapeutics. 
The  author  strives  on  every  page  to  develop  the  idea  that  anatomical  conservation  must  not 
be  confounded  with  functional  conservation.  The  two  things  are  not  so  closely  allied  as  is 
supposed.  There  is  no  conservative  surgery  save  where  the  function  is  conserved.  The 
essential  point  of  the  treatment  of  diaphysial  fractures  consists  in  the  early  operative 
disinfection,  primary  or  secondary,  by  an  extensive  sub-periosteal  removal  of  fragments, 
based  on  exact  physiological  knowledge,  and  in  conformity  with  the  general  method  of 
treating  wounds  by  excision.  When  this  operation  has  been  carefully  performed  with  the 
aid  of  the  ru^ine,  with  the  object  of  separating  and  retaining  the  periosteum  of  all  that  the 
surgeon  considers  should  be  removed,  the  fracture  must  be  correctly  reduced  and  th  limb 
immobilised. 

FRACTURE  OF  THE  LOWER  JAW.  By  L.  Imbert,  National 
Correspondent  of  the  Societe  de  Chirurgie,  and  Pierre  Real,  Dentist 
to  the  Hospitals  of  Paris.  With  a  Preface  by  Medical  Inspector- 
General  Fevrier.  Edited  by  J.  F.  Colyer,  F.R.C.S.,  L.R.C.P.,  L.D.S. 
With  97  illustrations  in  the  text  and  five  full-page  plates. 
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Previous  to  the  present  war  no  stomatologist  or  surgeon  possessed  any  very  extensive 
experience  of  this  subject.  Claude  Martin,  of  Lyons,  who  perhaps  gave  more  attention  to 
it  than  anyone  else,  aimed  particularly  at  the  restoration  of  the  occlusion  of  teeth,  even  at 
the  risk  of  obtaining  only  fibrous  union  of  the  jaw.  The  authors  of  the  present  volume  take 
the  contrary  view,  maintaining  the  consolidation  of  the  fracture  is  above  all  the  result  to  be 
attained.  The  authors  give  a  clear  account  of  the  various  displacements  met  with  in 
gunshot  injuries  of  the  jaw  and  of  the  methods  of  treatment  adopted,  the  latter  being  very 
fully  illustrated. 
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THE  SPECTATOR:  "For  our  physicians  and  surgeons 
on  active  service  abroad  or  in  military  hospitals  at  home 
these  are  the  very  books  for  them  to  dip  into,  if  not  to  read 
through." 

FRACTURES  OF  THE  ORBIT  AND  INJURIES  OF  THE  EYE 
IN  WAR.  By  Felix  Lagrange,  Professor  in  the  Factjlty  of  Medicine, 
Bordeaux.  Translated  by  Herbert  Child,  Captain  R.A.M.C.  Edited 
by  J.  Herbert  Parsons,  D.Sc,  F.R.C.S.,  Temp.  Captain  R.A.M.C. 
With  77  illustrations  in  the  text  and  six  full-page  plates. 
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Grounding  his  remarks  on  a  considerable  number  of  observations,  Professor  Lagrange 
arrives  at  certain  conclusions  which  at  many  points  contradict  or  complete  what  we  have 
hitherto  believed  concerning  the  fractures  of  the  orbit :  for  instance,  that  traumatisms  of  the 
skull  caused  by  fire-arms  produce,  on  the  vault  of  the  orbit,  neither  fractures  by  irradiation 
nor  independent  fractures;  that  serious  lesions  of  the  eye  may  often  occur  when  the 
projectile  has  passed  at  some  distance  from  it.  There  are,  moreover,  between  the  seat  of 
these  lesions  (due  toconcussion  or  contact)  on  the  one  hand,  and  the  course  of  the  projectile 
on  the  other  hand.'  constant  relations  which  are  veritable  clinical  lavjs,  the  exposition  of 
which  is  a  highly  original  featiu^  in  this  volume. 

HYSTERIA  OR  PITHIATISM,  AND  REFLEX  NERVOUS 
DISORDERS.  By  J.  Babinski,  Member  of  the  French  Academy 
of  Medicine,  and  J.  Froment,  Assistant  Professor  and  Physician 
to  the  Hospitals  of  Lyons.  Edited  with  a  Preface  by  E.  Farquhar 
Buzzard.  M.D.,  F.R.C.P.,  Captain  R.A.M.C.(T.),  etc.  With  37 
illustrations  in  the  text  and  eight  full-page  plates.  Price  7/6  net 

The  number  of  soldiers  affected  by  hysterical  disorders  is  great,  and  many  of  them  have 
been  immobilized  for  months  in  hospital,  in  the  absence  of  a  correct  diagnosis  and  the 
application  of  a  treatment  appropriate  to  their  case.  A  precise,  thoroughly  documented 
work  on  hysteria,  based  on  ihe  numerous  cases  observed  during  two  years  of  war,  was 
therefore  a  necessity  under  present  conditions.  Moreover,  it  was  desirable,  after  the 
discussions  and  the  polemics  of  which  this  question  has  been  the  subject,  to  inquire  whether 
we  ought  to  return  to  the  old  conception,  or  whether,  on  the  other  hand,  we  might  mot 
finally  adopt  the  modern  conception  which  refers  hysteria  to  pithiatism. 

WOUNDS  OF  THE  SKULL  AND  THE  BRAIN.  Clinical  forms 
and  medico-surgical  treatment.  By  C.  Chatclin  and  T.  De  Martel. 
With  a  Preface  by  the  Professor  Pierre  Marie.  Edited  by  F.  F. 
Burghard,  C.B.,  M.S.,  F.R.C.S.,  formerly  Consulting  Surgeon  to 
the  Forces  in  France.  With  97  illustrations  in  the  text  and  two 
full-page  plates.  Price  8/6  net 

Of  all  the  medical  works  which  have  appeared  during  the  war,  this  is  certainly  one  of  the 
most  original,  both  in  form  and  in  matter.  It  is,  at  all  events,  one  of  the  most  individual. 
The  autiiors  have  preferred  to  give  only  the  results  of  their  own  experience,  and  if  their 
conclusions  arc  not  always  in  conformity  with  those  generally  accepted,  this,  as  Professor 
Pierre  Marie  states  in  his  preface,  is  because  important  advances  have  been  made  during  the 
last  two  years ;  and  of  this  the  publication  of  this  volume  is  the  bcit  evidence. 
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From  THE  TIMES  :  **  A  series  of  really  first-rate  manuals 
of  medicine  and  surgery  ....  the  translations  are 
admirably  made.  They  give  us  in  English  that  clearness 
of  thought  and  tkat  purity  of  style  which  are  so  delightful 
in  French  medical  literature  and  are  as  good  in  form  as  in 
substance." 

LOCALISATION  AND  EXTRACTION  OF  PROJECTILES. 
By  Assistant  Professor  Ombredanne,  of  the  Faculty  of  Medicine, 
Paris,  and  M.  Ledoux-Lebard,  Director  of  the  Laboratory  of  Radi- 
ology of  the  Hospitals  of  Paris.  Edited  by  A.  D.  Reid,  C.M.G., 
M.R.C.S.,  L.R.C.P.,  Major  (Temp.)  R.A.M.C.  With  a  Preface  on 
Extraction  of  the  Globe  of  the  Eye,  by  Colonel  W.  T.  Lister, 
C.M.G..  With  225  illustrations  in  the  text  and  30  full-page  photo- 
graphs. Price  12/6  net 

This  volume  appeals  to  surcr^ons  no  less  than  to  radiologists.  It  is  a  summary  and  state- 
ment of  all  the  progress  efTccted  l)y  surgery  during  the  last  two  and  ahalf  years.  MM. 
Ombrodanne  and  Ledoux-Leb«.»d  have  not,  however,  attenipted  to  describe  all  the  methods 
in  use.  whether  old  or  new.  They  have  rightly  preferred  to  make  a  critical  selection,  and — 
after  an  exposition  of  all  the  indispensable  principles  of  radiological  physics — they  ex.-imine, 
in  detail,  all  those  methods  which  are  typical,  convenient,  exact,  rapid,  or  interesting  by 
reason  of  their  originality :  the  technique  of  localisation,  the  compass,  and  various  adjust- 
ments and  forms  of  apparatus. 

V/OUNDS  OF  THE  ABDOMEN.  By  G.  Abadie  (of  Oran), 
National  Correspondent  of  the  Soci6te  de  Chirurgie.  With  a 
Preface  by  Dr.  J.  L.  Faure.  Edited  by  Sir  Arbuthnot  Lane,  Bart., 
C.B.,  M.S.,  Colonel  (Temp.),  Consulting  Surgeon  to  the  Forces  in 
England.  With  67  illustrations  in  the  text  and  four  full-page 
plates.  Price  8/6  net 

Dr.  Abadie  has  been  enabled,  at  all  the  stations  of  the  army  service  departments,  to  weigh 
the  value  of  methods  and  results,  and  considers  the  following  problems  in  this  volume: 
(i)  How  to  decide  what  is  the  best  treatment  in  the  case  of  penetrating  wounds  of  the 
abdomen  ;  (2)  How  to  instal  the  material  organisation  which  permits  of  the  application 
of  this  treatment,  and  liow  to  recognise  those  conditions  which  prevent  its  application ; 
(3)  How  to  decide  exactly  what  to  do  in  each  special  case— whether  one  should  perform  a 
radical  operation,  or  a  palliative  operation,  or  whether  one  should  resort  to  medical  treatment. 

WOUNDS  OF  THE  BLOOD-VESSELS.  By  L.  Sencert, 
Assistant  Professor  in  the  Faculty  of  Medicine,  Nancy.  Edited  by 
F.  F.  Burghard,  C.B.,  M.S.,  F.R.C.S.,  formerly  Consulting  Surgeon 
to  the  Forces  in  France.  With  68  illustrations  in  the  text  and  two 
full-page  plates.  Price  7/6  net 

Hospital  practice  had  long  familiarised  us  with  the  vascular  wounds  of  civil  practice,  and  the 
experiments  of  the  Val-de-Grace  School  of  Medicine  had  shown  us  what  the  wounds  of  the 
blood-vessels  caused  by  modern  projectiles  would  be  in  the  next  war.  But  in  1914  these  data 
lacked  the  ratification  of  extensive  practice.  Two  years  have  elapsed,  and  we  have  hence- 
forth solid  foundations  on  which  to  establish  our  treatment.  In  a  first  part.  Professor  Sencert 
examines  the  wounds  of  the  great  vessels  in  general ;  in  a  second  part  he  rapidly  surveys  the 
wounds  of  vascular  trunks  in  particular,  insisting  on  the  problems  of  operation  to  which  they 
give  rise. 

The  cost  of  postage  per  volume  is:  Inland  bd.;  Abroad  Sd. 
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THE  AFTER-EFFECTS  OF  WOUNDS  OF  THE  BONES 
AND  JOINTS.  By  Aug.  Broca,  Professor  of  Topographical 
Anatomy  in  the  Faculty  of  Medicine,  Paris.  Translated  by  J. 
Renfrew  White,  M.B.,  F.R.C.S.,  Temp.  Captain  R.A.M.C,  and 
edited  by  R.  C.  Elmslie,  M.S.,  F.R.C.S.;  Orthopaedic  Surgeon  to 
St.  Bartholomew's  Hospital,  and  Surgeon  to  Queen  Mary's  Auxiliary 
Hospital,  Roehampton;  Major  R.A.M.C.(T.)  With  112  illustra- 
tions in  the  text.  Price  7/6  net 

This  new  work,  like  all  books  by  the  same  author,  is  a  vital  and  personal  work,  conceived 
with  a  didactic  intention.  At  a  time  when  all  physicians  are  dealing,  or  will  shortly  have  to 
deal,  with  the  after-effects  of  wounds  received  in  war,  the  question  of  sequelae  presents  itself, 
and  will  present  itself  more  and  more.  What  has  become — and  what  will  becoir.e— of  all 
those  who,  in  the  hospitals  at  the  front  or  in  the  rear,  have  hastily  received  initial  treat- 
ment, and  what  is  to  be  done  to  complete  a  treatment  often  inaugurated  under  difficult 
circumstances  ? 

ARTIFICIAL  LIMBS.  By  A.  Broca,  Professor  in  the  Faculty  of 
Medicine,  Paris,  and  Dr.  Ducroquet,  Surg^eon  at  the  Rothschild 
Hospital.  Edited  and  translated  by  R.  C.  Elmslie,  M.S.,  F.R.C.S., 
etc. ;  Orthopaedic  Surgeon  to  St.  Bartholomew's  Hospital,  and 
Surgeon  to  Queen  Mary's  Auxiliary  Hospital,  Roehampton ;  Major 
R.A.M.C.(T.).     With  210  illustrations.  Price  7/6  net 

The  authors  of  this  book  have  sought  not  to  describe  this  or  that  piece  of  apparatus— more 
or  less  "  newfangled  " — but  to  explain  the  anatomical,  physiological,  practical  and  technical 
conditions  which  an  artificial  arm  or  leg  should  fulfil.  It  is,  if  we  may  so  call  it,  a  manual 
oi  applied  vtechanies  written  by  physicians,  who  have  constantly  kept  in  mind  the  anatomical 
conditions  and  the  professional  requirements  of  the  artificial  limb. 

TYPHOID  FEVERS  AND  PARATYPHOID  FEVERS  (Symp- 
tomatology, Etiology,  Prophylaxis).  By  H.  Vincent,  Medical  In- 
spector of  the  Army,  Member  of  the  Academy  of  Medicine,  and 
L.  Muratet,  Superintendent  of  the  Laboratories  at  the  Faculty  of 
Medicine  of  Bordeaux.  Second  Edition.  Translated  and  Edited 
by  J.  D.  Roileston,  M.D.     With  tables  and  temperature  charts. 

Price  7/6  net 

This  volume  is  divided  into  two  parts,  the  first  dealing  with  the  clinical  features  and  the 
second  with  the  epidemiology  and  prophylaxis  of  typhoid  fever  and  paratyphoid  fevers  A 
and  B.  A  full  account  is  to  be  found  of  recent  progress  in  the  bacteriology  and  epidemiology 
of  these  diseases,  considerable  space  being  given  to  the  important  question  of  the  carrier  in 
the  dissemination  of  infection. 

The  cost  of  postage  per  volume  is :    Inland  5d, ;    Abroad  8d. 
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DYSENTERIES,  CHOLERA,  AND  EXANTHEMATIC  TY- 
PHUS. By  H.  Vincent,  Medical  Inspector  of  the  Army,  Member 
of  the  Academy  of  Medicine,  and  L.  Muratet,  Superintendent  of  the 
Laboratories  at  the  Faculty  of  Medicine  of  Bordeaux.  With  an 
Introduction  by  Andrew  Balfour,  C.B.,  C.M.G.,  M.D.,  Lieut.-Col. 
R.A.M.C.  Edited  by  George  C.  Low,  M.A.,  M.D.,  Temp.  Capt. 
I.M.S.  Price  7/6  net 

This,  the  second  of  the  volumes  which  Pfofessor  Vincent  and  Dr.  Muratet  have  written  for 
this  series,  was  planned,  like  the  first,  in  the  laboratory  of  Val-de-GrSce,  and  has  profited 
both  by  the  personal  experience  of  the  authors  and  by  a  mass  of  recorded  data  which  the 
latter  years  of  warfare  have  very  greatly  enriched. 

ABNORMAL  FORMS  OF  TETANUS.  By  MM.  Courtois-Suffit, 
Physician  of  the  Hospitals  of  Paris,  and  R.  Giroux,  Resident  Pro- 
fessor. With  a  Preface  by  Professor  F.  Widal.  Edited  by  Surgeon- 
General  Sir  David  Bruce,  K.C.B.,  F.R.S.,  LL.D.,  F.R.C.P.,  etc.,  and 
Frederick  Golla,  M.B.  Price  7/6  net 

Of  all  the  infections  which  threaten  our  wounded  men,  tetanus  is  that  whichj  thanks  to 
serotherapy,  we  are  best  able  to  prevent-  But  serotherapy,  when  it  is  late  and  insufficient, 
may,  on  the  other  hand,  tend  to  create  a  special  type  of  attenuated  and  localised  tetanus ; 
in  this  form  the  contractions  are  as  a  general  rule  confined  to  a  single  limb.  This  type,  how- 
ever, does  not  always  remain  strictly  monoplegic  ;  and  if  examples  of  such  cases  are  rare  this 
is  doubtless  because  physicians  are  not  as  yet  very  well  aware  of  their  existence.  We  owe  to 
MM.  Courtois-Suffit  and  R.  Giroux  one  of  the  first  and  most  important  observations  of  this 
new  type  ;  so  that  no  one  was  better  qualified  to  define  its  characteristics. 

WAR  OTITIS  AND  WAR  DEAFNESS.  Diagnosis,  Treatment, 
Medical  Reports.  By  Dr.  H.  Bourgeois,  Oto-rhino-laryngologist  to 
the  Paris  Hospitals,  and  Dr.  Sourdille,  former  interne  of  the  Paris 
Hospitals.  Edited  by  J.  Dundas  Grant,  M.D.,  F.R.C.S.(Eng.) ; 
Major  R.A.M.C,  President,  Special  Aural  Board  (under  Ministry 
of  Pensions).  With  many  illustrations  in  the  text  and  full-page 
plates.  Price  7/6  net 

This  work  presents  the  special  aspects  of  inflammatory  affections  of  the  ear  and  deafness,  as 
they  occur  in  active  military  service.  The  instructions  as  to  diagnosis  and  treatment  are 
intended  primarily  for  the  regimental  medical  officer.  The  sections  dealing  with  medical 
reports  {expertises)  on  the  valuation  of  degrees  of  disablement  and  claims  to  discharge, 
gratuity  or  pension,  will  be  found  of  the  greatest  value  to  the  officers  of  invaliding  boards. 

SYPHILIS  AND  THE  ARMY.  By  G.  Thibierge,  Physician  of 
the  Hopital  Saint-Louis.     Edited  by  C.  F.  Marshall,  F.R.C.S. 

Price  7/6  net 

It  seemed,  with  reason,  to  the  editors  of  this  series  that  room  should  be  found  in  it  for  a 
work  dealing  with  syphilis  considered  with  reference  to  the  army  and  the  present  war.  The 
treatment  of  syphilis  has,  during  the  last  six  years,  undergone  considerable  modifications ; 
the  new  methods  are  not  yet  very  familiar  to  all  physicians  ;  and  certain  details  may  no 
longer  be  present  to  their  minds.  It  was  therefore  opportune  to  survey  the  different  methods 
of  treatment,  to  specify  their  indications,  and  their  occasionally  difficult  technique,  which  is 
always  important  if  complications  are  to  be  avoided. 
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